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Abstract
The current study aimed to understand the effect of cumulative risk on the social-emotional
functioning of infants. Additionally, this study examined sleep as a potential protective factor,
which may promote healthier social-emotional outcomes despite risk. A sample of 325
caregiver-infant dyads completed established developmental, behavioral, and caregiver
questionnaires as well as PediaTrac TM, an experimental tool to track infant and toddler
development. More cumulative risk exposure was not associated with typical social-emotional
development but was associated with more problem behaviors at 12 months and lower sleep
efficiency at 9 and 12 months. Higher sleep efficiency was also associated with positive socialemotional outcomes. When predicting problematic and typical social-emotional development, no
significant interaction effects were found, suggesting that sleep may not act as a protective factor
in high-risk infants. These findings indicate that an intervention targeting sleep efficiency may
promote healthy social-emotional functioning in all children, regardless of risk exposure.
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Introduction
Previous research has demonstrated that childhood social-emotional problems can present
early in life, persist over time, and predict continued behavior problems and psychopathology
throughout adolescence and adulthood (Bagner et al., 2012; Mesman et al., 2001). Due to the
long-lasting and widespread nature of these struggles, addressing early social-emotional
development becomes a logical target for intervention. If social-emotional problems can be
identified and alleviated through intervention early in life, the rates of school-aged children,
adolescents, and adults with similar problems could be expected to decrease. Despite this need to
target early identification and intervention, considerably less research has focused on identifying
and understanding social-emotional problems in infancy. Throughout this paper, infancy is
defined as the time period from birth to 12 months of age.
In addition to identifying children who exhibit problematic social-emotional behaviors
within the first year of life, it is also crucial to understand factors that may place certain children
at risk for this type of problematic behavior. If researchers and clinicians can understand the
psychosocial factors and adverse experiences that typically precede social-emotional problems,
more work can be done to develop early screenings and interventions for these children. In the
first year of life, children are thoroughly embedded in and dependent upon their environmental
contexts, including their family system and neighborhood climate (Bronfenbrenner & Morris,
2006). Researchers have identified factors in these contexts, such as parental psychopathology,
socioeconomic status (e.g., household income), and parenting stress, that can place children at
risk for poor social-emotional development (Goodman & Tully, 2006; Holtmann, 2011;
Mantymaa et al., 2012). However, most of this research has focused on children of preschool age
or older.
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Though it is inevitable that some children will experience risk and adversity, it is
important to work toward interventions that may promote favorable outcomes and encourage
healthy development despite this risk. Many factors that allow for these positive outcomes have
been identified in children, such as having an easy-going temperament or living in an affluent
household (Masten & Powell, 2003). Though these factors encourage healthy development and
are important to consider, many of them are also quite a stable part of a child’s life. Therefore, it
is also important to identify health-promoting factors that are amenable to change via
intervention. Sleep is a changeable factor that appears to be a promising avenue for intervention.
Meta-analyses and reviews of sleep intervention studies focused on infants and toddlers indicate
that behavioral and educational interventions can significantly improve a child’s sleep (Field,
2017; Meltzer & Mindell, 2014). Because sleep interventions and parental education programs
about the importance of sleep are feasible to implement, targeting a child’s sleep may be a
practical method for promoting healthy social-emotional development despite the experience of
biological, psychosocial, or demographic risk factors.
This thesis begins by discussing what is currently known about social-emotional
development during the first year of life and the common theories employed to understand this
development. Problematic social-emotional development is also reviewed in order to understand
how these difficulties present early in life and the pathways that may lead to internalizing or
externalizing behavior problems in children. Next, this thesis considers the long-term trajectories
of children who exhibit social-emotional problems and examines the research suggesting that
early struggles in social-emotional development predict continued struggles throughout the
lifespan. Research has shown that a variety of risk factors impact children’s social-emotional
development; this thesis continues by examining some of these risk factors and considering how
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some children develop favorably despite high levels of risk. Finally, the thesis discusses the
development of sleep in young children and the association between sleep, social-emotional
development, and adaptive outcomes, as sleep may act as an important moderator in the
relationship between risk and social-emotional functioning.
This study sought to extend the current literature examining social-emotional
development in the face of risk to a younger population by examining these factors in a sample
of 9- to 12-month-old children. Additionally, this study sought to examine the possibility that
good quality sleep may support positive outcomes in children by allowing for healthy socialemotional development despite experiencing a variety of risks.
Typical Social-Emotional Development in Infancy
Social-emotional development refers to a child’s ability to experience, recognize, and
regulate their emotions as well as the ability to engage in prosocial behaviors and cultivate
positive relationships with others (California Department of Education, 2019; Thompson et al.,
2012). In early childhood, it is critical to consider social and emotional development together, as
each has a large effect on the other. The emotions that are expressed by the child largely depend
on who they are interacting with and the type of relationship they have developed with that
individual. On the other hand, a child’s expressed emotions will also determine the types of
social interactions that occur (Thompson et al., 2012). When a child expresses sadness and
distress, their mother will typically interact with them in a way that is comforting, while if the
child expresses happiness, the mother may interact in a way that is more playful. Each of these
social interactions, triggered by the child’s original emotional expression, will then elicit a
specific emotional response from the child; the child in the first situation may respond by
decreasing their crying and showing affection for their mother, while the child in the second
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situation may respond by laughing and engaging their mother in continued play. Though this
social and emotional interplay occurs in people of all ages, it is especially important to consider
during infancy, as infants are learning to navigate their social environment and beginning to
understand the impact they have on those around them.
Researchers have identified specific milestones in early social-emotional development
that most children achieve by certain ages. During the first few months of life, infants become
able to express basic emotions of interest, distress, and joy when interacting with others. By 2
months of age, most children begin to react to others in their social environment by smiling at
people and cooing in response to social interactions (Bellman et al., 2013; Rosenblum, et al.,
2009). As children continue to develop, they become more expressive and specific with their
emotions. At 3 months of age, many infants are able to express the novel emotion of disgust
(Scharf et al., 2016).
At 4 months of age, an infant’s social interactions become more involved as they are
more of an active contributor in their interactions. Children at this age enjoy playing with people
and may express distress when an adult stops playing with them. During interactions with others,
children learn to copy certain movements and facial expressions. When their conversation
partner smiles or frowns, 4-month-old infants should be able to mimic that expression. It is
common for these infants to smile when a person comes into view and to respond to affection
from others in their environment with expressions of joy, such as smiling and laughing (Centers
for Disease Control and Prevention, n.d.).
Six-month-old infants should still enjoy playing with others, but they begin to show
preference and affection for their parents and other adults who are familiar to them. They
develop the ability to determine a familiar face from someone who is a stranger but should not
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yet show a large amount of anxiety about being near unfamiliar individuals. At this age, infants
can recognize themselves in a mirror and enjoy watching their own reflections. They can respond
to other people’s emotions and begin to understand that the responses they receive from others
depend on their own behavior and expression (Centers for Disease Control and Prevention, n.d.;
Thompson et al., 2012). They also begin engaging in reciprocal ‘conversations’ with adults in
their environment, as they learn to take turns vocalizing during an interaction (Centers for
Disease Control and Prevention, n.d.). A mother may ask her child a question, and the child will
wait until the mother finishes speaking before making cooing and babbling noises in response.
The child will then stop making noises to allow the mother to respond again, and the cycle of
reciprocal responding continues.
A noteworthy milestone is the early development of stranger and separation anxiety at 9
months. Infants will likely show a fear of strangers and cling to parents and other familiar adults
for comfort. At this age, infants are able to copy other people’s noises and gestures during social
interactions (Centers for Disease Control and Prevention, n.d.). Between 9 and 12 months,
infants also begin to learn joint attention (Scharf et al., 2016). This occurs when one person
brings another person’s attention to a specific object by looking at it, pointing at it, or talking
about it, which results in both individuals attending to the same object. Around this age, infants
should be able to follow adults’ cues to engage in this type of attention, such as following a
parent’s pointed finger when they say, “Look at that dog!”
For most children, separation anxiety still exists at 1 year of age, as they are hesitant and
shy around strangers and act distressed when their parents leave (American Academy of
Pediatrics, 2009; Bellman et al., 2013). They still enjoy playing with their parents but also begin
to find themselves in more situations where the play environment includes other children. At 1

5

year old, children are able to engage in “parallel play,” which occurs when children are located
next to each other during play, but they each play independently with their own toys (Michigan
Medicine, n.d.). Consider one child who is building with blocks while another child plays with a
doll. The first child may seem interested in the second child’s play but does not make any
attempts to join or engage with them. Children typically begin to walk about the time of their
first birthday as well, which leads to an increased sense of independence and chance of
encountering novel situations and environments. As children are exposed to more novel
situations and objects, they begin to engage in social referencing to determine the appropriate
responses to these circumstances. When a child is unsure how to react, they will refer to a parent
or another trusted adult and observe their emotions and behaviors (Rosenblum et al., 2009). If the
familiar adult provides a reassuring smile and seems calm, the child will likely decide that this
new situation is safe and is worth exploring. On the other hand, if the reaction from the familiar
adult is one of fear, the child may decide not to engage with this novel object and instead to
return to the adult where they will feel safe.
Researchers have used a wide variety of models and theories to conceptualize the ways in
which social-emotional development occurs in children. Elaborating on each of these
conceptualizations sheds light on the many different contextual, environmental, and biological
factors that may play a role in a child’s social-emotional development.
Bronfenbrenner’s Bioecological Model
Bronfenbrenner’s bioecological model encourages us to examine a child’s socialemotional development within the variety of embedded environmental contexts that either
directly or indirectly affect the child (Figure 1). Within this model, not only is the explicit
environmental context important but also the way that a specific individual is experiencing their
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environment (Bronfenbrenner & Morris, 1998). Some children may experience a shift from one
daycare center to another as a very stressful situation, while other children may not be fazed by
it. In either case, this change in their environment has the chance to affect the child’s
development, but the valence of that result depends on how the child interprets and experiences
the situation. Bronfenbrenner and Morris (1998) outlined four main components of the
bioecological model: process, person, context, and time. An overview of each of these
components will be provided, as well as examples when appropriate to illustrate how these
aspects of the theory are helpful when examining the development of social-emotional
functioning.
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Figure 1
A Depiction of Bronfenbrenner’s Bioecological Model

Note. Adapted from “Shaping influences – Human development,” by D. Lichtenberger, 2012,
http://drewlichtenberger.com/6-shaping-influences-human-development/
Process refers to bidirectional interactions that occur between the child and the
environment over the course of their development. Most people think of these interactions as
occurring between the child and another person, but they can also take place between the child
and an object that “invites attention, exploration, manipulation, elaboration, and imagination”
(Bronfenbrenner & Morris, 1998, p. 798). Objects that fit this description could be a computer
game that is teaching the child the alphabet or a coloring book encouraging them to use their
imagination in their drawings. The quality and type of these interactions is a main component of
how developmental change is presumed to occur in this model. Interactions that occur

8

specifically in the child’s immediate and direct environment are called proximal processes, such
as reading a book, playing with a friend, or learning from a teacher. Distal processes are
interactions that occur outside of the child’s immediate environment and somehow modify
proximal processes (Bronfenbrenner & Morris, 1998).
Person reminds us of the need to consider the characteristics and traits of the child as they
are developing in their various environmental contexts. These individual differences affect the
proximal processes that can occur and may either allow and promote these processes or prevent
them from happening. The three aspects of the person that Bronfenbrenner and Morris (1998)
considered are behavioral dispositions, resources, and demand characteristics. Examples of a
child’s relevant behavioral dispositions could include being impulsive, aggressive, easily
distracted, shy, curious, or creative. If a child is dispositionally aggressive, for example, a
proximal process may be initiated in which the teacher intervenes and sets up a behavior plan for
this child. This behavior plan may provide much needed structure for this child, therefore having
positive effects on their social-emotional development and allowing them to become more adept
at regulating their emotions. The child’s personal resources are any abilities, experiences,
knowledge, or liabilities that may either allow the child to engage in a proximal process or
prevent the child from doing so. A young child with a high level of intelligence may be invited
into a gifted preschool program at an earlier age than their peers, which will allow them to
interact with teachers and peers and begin building social-emotional skills by interacting within a
classroom. As another example, a preterm child born with a low birth weight may experience
more medical complications early in life, which may preclude them from running around and
playing outside with their peers and gaining social experience. Lastly, demand characteristics are
aspects of the individual that either encourage or hinder proximal processes from occurring by
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affecting the amount of reaction received from others in the environment. For example, a fussy
baby may elicit more negative social interaction from their caregiver while a generally happy
baby may elicit social interaction that is more positive. Similarly, teachers and day-care
providers may be more likely to seek out interactions with children who are more physically
attractive than those who are not, thereby affecting the type of socialization received by the child
(Bronfenbrenner & Morris, 1998).
The bioecological model identifies multiple levels of contexts, which refer to the
environmental factors affecting a child either directly or indirectly. The microsystem is the most
immediate environmental context and includes the direct experiences a child has with other
people or objects in a way that can “invite, permit, or inhibit engagement in sustained,
progressively more complex interaction with, and activity in, the immediate environment”
(Bronfenbrenner, 1994, p. 1645). A child’s interaction with peers and teachers during school
would exist within a microsystem, as would interactions with parents and siblings at home. The
mesosystem encompasses relations between two microsystems, such as the relationship between
a child’s family and school system as they work together to put accommodations in place to
support the child’s success. The exosystem is similar in that it includes the associations between
two different settings but distinct in that one of these two settings does not contain the child. The
child does not interact directly in this setting, but events that occur within it indirectly affect the
processes occurring in the child’s immediate environment. The relation between a child’s home
environment and their parent’s work environment is an example of this. The child does not have
direction interactions with the parent’s work environment, but a stressful day at work might
affect the emotional availability of the parent at home when interacting with the child
(Bronfenbrenner & Morris, 1998). Lastly, the macrosystem includes the various cultural factors,
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political systems, and economic circumstances that may affect the processes within the child’s
immediate environment. For example, a general economic downturn may lead to a scarcity of
resources for the child’s family and heightened family stress.
The bioecological model also takes into account the effects of time, considering the time
periods over which proximal processes occur. Bronfenbrenner and Morris (1998) identified
microtime, mesotime, and macrotime. Microtime refers to the continuity of proximal processes
and whether they move along a continuous trajectory or are more disjointed. This could include a
specific interaction between a child and teacher and whether they are understanding each other
well or struggling to communicate. Mesotime concerns the occurrence of proximal processes
over broader time intervals, such as multiple days, weeks, or months. Continuing the same
example, mesotime would consider how often this child and teacher interact and whether they
see each other on a regular basis. Macrotime takes an even broader view and refers to any
changing expectations within the larger society. If the government decides to cut back teachers’
salaries and require them to do more work for less pay, it is probable that the teacher in our
example will have even less time to interact with this child. This affects the direct environment
of the child by depriving them of specific learning experiences and social support they could
have gained from their teacher (Bronfenbrenner & Morris, 1998).
Temperament
As psychologists were working to understand the effects that a child’s environment has
on their development, researchers Thomas and Chess began to realize that environment was not
the only factor determining a child’s developmental pathway (Thomas et al., 1963). They
observed some children without environmental support who were developing quite normally,
while other children in caring and well-resourced environments developed psychopathology.

11

Since the environment could not explain all the variation in childhood development, Thomas and
Chess began examining the effect of an infant’s traits and characteristics, or more specifically,
their temperament. Since this original research, many studies have demonstrated that
temperament influences the way individuals respond to and shape their environment, thereby
having an effect on the development of social and emotional competencies.
Temperament can be defined as “constitutionally based individual differences in
reactivity and self-regulation, in the domains of affect, activity, and attention” (Rothbart &
Bates, 2006, p. 99). Researchers generally agree that temperament has a biological and genetic
basis and is relatively stable, though not unchanging, over time (Thompson et al., 2012).
Researchers have demonstrated through factor analysis that temperament can generally be
broken down into three main factors: surgency/extraversion, negative affectivity, and effortful
control (Putnam et al., 2002). Surgency/extraversion is defined by an individual’s level of
approach behavior, sensation seeking, and motor activity level and has a negative contribution
from shyness. Negative affectivity is defined by an individual’s negative affect due to physical
discomfort, sensory overload, fear, anger, frustration, and sadness and has a negative
contribution from soothability, or the rate at which someone can recover from arousal. Effortful
control is defined by an individual’s ability to suppress inappropriate responses, focus and shift
attention, derive pleasure from low intensity activities, and become aware of slight sensory
stimulation (Putnam et al., 2002). These distinct factors of temperament in infancy can be
assessed via parent report, using questionnaires such as the Infant Behavior Questionnaire (IBQ).
The IBQ is appropriate to assess temperament in children from 3 to 12 months of age. Through
factor analysis, researchers have shown that the factor structure of the IBQ maps onto the same

12

three broad dimensions of temperament mentioned previously–surgency/extraversion, negative
affectivity, and effortful control (Gartstein & Rothbart, 2003).
According to Thompson and colleagues (2012), temperament can affect social-emotional
development in two ways. First, a child’s temperament may evoke specific reactions from other
people and may lead to differing levels of support, socialization, or opportunities provided to the
child (Thompson et al., 2012). For example, others would likely enjoy being around a child
whose temperament leads them to be very outgoing and agreeable. Therefore, this child may
develop a large circle of friends and positive relationships with their family members and
teachers. If this child were placed in a difficult situation and experienced a death in the family,
this extensive support network would likely rally around them to provide care and comfort. This
child may continue to develop typically despite the loss of a family member, while another child
with a more combative and irritating temperament may not have received the same support and
may have struggled to continue on a normal developmental path. Secondly, the temperament of
the child may affect how they experience their environment and respond to certain people and
situations, thereby influencing their behavioral preferences (Thompson et al., 2012). A child who
has a shy and inhibited temperament may become overwhelmed in a crowded school cafeteria
and instead choose to eat lunch in the school counselor’s office each day. Eating lunch alone
rather than with their classmates may deprive the child of certain social opportunities, thereby
impeding their social development and not allowing for opportunities to cope with a feeling of
being overwhelmed. On the other hand, a child whose temperament leads them to be energetic
and talkative might thrive in the social environment of the crowded cafeteria. These examples
provide a broad illustration of the significant role temperament can play in the social and
emotional development of children.
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Problematic Social-Emotional Development From Birth to Age 4
Differentiating between normative development and social-emotional concerns can be
difficult in early childhood, as many behaviors that appear disruptive or maladaptive are actually
developmentally appropriate. Children are expected to throw temper tantrums occasionally and
are often somewhat shy when meeting new people or being in a new environment (Carter et al.,
2004). However, the line from normative to atypical development is crossed when these
behaviors become so intense or frequent that they begin to interfere with multiple aspects of a
child’s life. Social-emotional and behavioral problems represent the most common reason for a
child to be referred for mental health services (Bagner et al., 2012). These difficulties are often
more evident in a classroom setting, and much early research on this topic focused on schoolaged children in preschool and elementary school (e.g., Althoff, 2010; Caspi et al., 1996; Fischer
et al., 1984; Holtmann et al., 2011). However, many of the children who go on to struggle
socially and emotionally in school show indications of these symptoms within the first two years
of life (Bagner et al., 2012).
Problematic social-emotional development is often measured by parent report, either via
a questionnaire or interview. These assessment measures are certainly valuable, but they are
often not suitable for use with infants because they are not normed for this age group. A lack of
an appropriate measure has caused our understanding of social-emotional development in
infancy to lag behind our knowledge of this construct in preschool and school-age children.
However, a few measures have been found suitable for measuring this development in infants.
One such measure, the Brief Infant-Toddler Social and Emotional Assessment (BITSEA), is a
42-item screener questionnaire that has been shown to reliably measure social-emotional
problems and competences in children as young as 12 months. This measure is appropriate for
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children aged 12 to 36 months and has played a critical role in increasing our understanding of
the early development of social-emotional problems and the persistence of these struggles
(Briggs-Gowan & Carter, 2002). Prevalence rates of social-emotional problems in children
between 1 and 3 years of age range from 6% to 33%, highlighting the large number of children
affected by these difficulties (Briggs-Gowan & Carter, 2008; Briggs-Gowan et al., 2001; Carter
et al., 2004). By working to identify children who show signs of atypical social-emotional
development within their first few years, early intervention programs can be established to
promote more adaptive development.
Problems that may arise in social-emotional development are generally conceptualized as
falling into the two general categories of internalizing and externalizing (Bagner et al., 2012;
Mantymaa et al., 2012). Children with internalizing problems are often withdrawn, fearful, shy,
and experience persistent feelings of worry (Haapsamo et al., 2012). Anxiety and depression are
both considered types of internalizing problems (Mantymaa et al., 2012). On the other hand,
externalizing problems in childhood often manifest in behaviors that are defiant, aggressive,
inattentive, and impulsive (Haapsamo et al., 2012). Examples of externalizing disorders that are
often diagnosed in childhood are attention-deficit/hyperactivity disorder (ADHD), oppositional
defiant disorder, and conduct disorder (Samek & Hicks, 2014). Though it is possible for a child
to have either internalizing or externalizing symptoms, it is much more common for children to
present with comorbid internalizing and externalizing problems (Mantymaa, 2012). While
researchers are still working to uncover the exact mechanisms, many theories provide possible
pathways to the development of social-emotional problems. The possible mechanisms leading to
internalizing problems will be considered first and then those specific to externalizing problems
will be examined.
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Internalizing Symptoms
A variety of biopsychosocial processes have been considered in the development of
internalizing problems that affect children at multiple levels of the bioecological system
(Bronfenbrenner & Morris, 1998). The child’s individual differences are an important
consideration within the person component of the bioecological model. In this context, factors
within the child, such as temperament, biology, and genetics, have been postulated to affect a
child’s development of internalizing symptoms. Research has shown that infants whose
temperament is more behaviorally inhibited are at higher risk for internalizing problems in
childhood, adolescence, and adulthood (Bagner et al., 2012; Zahn-Waxler et al., 2000). In
addition, chronic exposure to stressful situations may also provide a biological basis for the
internalizing disorders of anxiety and depression. The hypothalamic-pituitary-adrenal (HPA) axis
is our body’s main stress response system, which plays a crucial role in our ability to respond
and adapt to stressors in our environment (Zahn-Waxler et al., 2000). In response to a stressor,
the HPA axis produces cortisol, a hormone that provides the energy and concentration necessary
to mobilize the fight or flight response (Stansbury & Gunnar, 1994). Ideally, the HPA axis
should produce cortisol when we are confronted with a stressor, and then cortisol levels should
decrease after the removal of the stressor. However, if the stressor is chronic and unrelenting, an
overproduction of cortisol can occur, which may lead to feelings of agitation, tension, and worry
(Stansbury & Gunnar, 1994; Zahn-Waxler et al., 2000). Genetics also play a role in internalizing
disorders, as seen by higher levels of these symptoms in the family members of affected
individuals (Gregory & Eley, 2007; Kendler et al., 1992; Roy et al., 1995; Weissman et al.,
1997). Different neurotransmitters have also been implicated in internalizing disorders, including
serotonin, norepinephrine, and gamma-amino butyric acid (Martin et al., 2009; Werner &
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Covenas, 2010). Much of this research has been done with adults, however, so the exact
mechanism by which altered neurotransmission and altered neural network development leads to
internalizing behaviors in children is unknown. In addition, individuals with anxiety and
depression display altered psychophysiological functioning, including an increased resting heart
rate and delayed electrodermal habituation (Birket-Smith et al., 1993; Zahn-Waxler et al., 2000).
Electrodermal activity is a measure of the electrical conductance of the skin, which can function
as a measure of emotional arousal. Both an extremely positive emotion (e.g., joy) or an
extremely negative emotion (e.g., despair) or response to an emotionally valanced stimulus can
be detectable by an increase in skin conductance (Birket-Smith et al., 1993). After repeated
exposure to the same emotion or stimulus, however, habituation should occur in which the
change in electrodermal activity is not as pronounced (Isen et al., 2013). For individuals with
anxiety or depression, a delay in habituation suggests that they are more reactive to these
emotions or stimuli for longer periods of time than other individuals. Individuals with depression
and anxiety also exhibit higher levels of activation, as measured by electroencephalography, in
right frontal cortical regions (Calkins et al., 1996; Zahn-Waxler et al., 2000). Researchers
suggest that these regions are implicated in isolation and other associated withdrawal behaviors,
while left frontal regions of the brain are implicated in approach-related behaviors. Increased
activation in right frontal cortical regions may contribute to symptoms of internalizing disorders
related to withdrawal (Coan & Allen, 2003; Dawson et al., 2003; Dawson et al., 1999). Though
these individual and biological differences are important to consider, they tend to remain
relatively stable throughout a child’s life and are not easily altered.
Psychosocial factors within a child’s family or neighborhood environments can impact
the child’s development of internalizing symptoms through different levels of contexts within the
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bioecological model. The child’s microsystem plays a large role in this development, specifically
the interactions between children and their parents in the home. The caregiving relationship plays
an important role in the child’s development, and research indicates that children with an
insecure attachment may be at higher risk for symptoms of anxiety and depression (Ainsworth et
al., 1978; Brumariu, 2010; Warren et al., 1997; Zdebik et al., 2018). The behavioral perspective
has considered the effects of modeling on children as, according to Bandura’s (1971) social
learning theory, much of our learning occurs by observing and modeling the behavior of others.
Based on this principle, children who observe anxious or depressive behaviors in their caregivers
may be more likely to exhibit these behaviors (Zahn-Waxler et al., 2000). In an environment
where a caregiver is struggling with their own mental health or lack of resources and social
support, one could expect a child to be exposed to the modeling of internalizing behaviors. Other
family systems factors, such as abuse or neglect, in addition to factors in the exosystem, such as
neighborhood violence, could also predispose a child to experience internalizing, depressive
symptoms as described by Seligman’s learned helplessness model (Hiroto, 1974; Overmier &
Seligman, 1967). Children in these situations learn that, no matter what they do, they are unable
to control their environment and avoid the negative things to which they are exposed. This sense
of helplessness and an inability to change one’s circumstances can contribute to depressive
behaviors. Repeated negative experiences such as these can also lead to changes in the way
children view themselves and the world around them, thereby initiating feelings of withdrawal,
sadness, or depression (Beck et al., 1979). Children may grow to see the world as a generally
hurtful place or may begin to believe that something is inherently wrong with them that is
causing these upsetting circumstances. These situations can affect how children make
attributions about negative events in the following domains: internal-external, global-specific,
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and stable-unstable. The internal-external dimension considers whether the child attributes the
negative event to something that is their fault (internal) or something that was outside of their
control (external). The second dimension, global-specific, refers to whether a deficit or negative
outcome is perceived to be true in all situations (global) or only certain situations (specific).
Finally, the stable-unstable dimension indicates the perceived permanent (stable) or transitory
(unstable) or nature of the problem or negative outcome. A pattern of internal, global, and stable
attributions has been shown to lead to symptoms of depression (Abramson et al., 1989; Seligman
et al., 1984). That is, a child may blame themselves for adverse consequences (internal) and
believe that these consequences will occur in all situations (global) and will not change
regardless of their behavior (stable). Furthermore, when children are exposed to these volatile
and dangerous circumstances, they may become more hypervigilant toward any stimuli that may
prove threatening, which predisposes them to experience internalizing symptoms, such as
anxiety and fear (Heim-Dreger et al., 2006; Stuijfzand et al., 2018). The cognitions of these
children are changing based on their interactions with the environment and making them more
likely to experience consistent feelings of wariness and anxiety.
Externalizing Symptoms
Externalizing symptoms may also have their roots in a variety of biopsychosocial
processes, spanning multiple components of the bioecological model (Bronfenbrenner & Morris,
1998). Biological factors intrinsic to the child—the person component of the bioecological
model—such as temperament, biology, and genetics, have been implicated in the development of
externalizing symptoms. Bagner and colleagues (2012) found that infants who are classified as
having a difficult temperament are also more likely to have externalizing problems later. A
child’s genetic makeup is also associated with their externalizing behaviors, as these behaviors
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seem to run in families (Baker et al., 2007; Liu, 2004). Additionally, children who have higher
levels of externalizing behaviors exhibit biological differences compared to their typically
developing counterparts, as they have lower baseline cortisol levels (Stansbury & Gunnar, 1994).
This may suggest that these children engage in these behaviors because of a need for stimulation,
in order to raise their cortisol to normal levels.
The variety of environmental contexts the child is embedded in also affect a child’s
development of externalizing symptoms. At the microsystem level, a child’s family context and
parent-child interactions play a role in the eventual presence or absence of externalizing
behaviors. While healthy parent-child interactions set children up to be well-adjusted, negative
interactions with caregivers can be the origin of externalizing symptoms. A mother who is
unresponsive to her child or engages in inconsistent, harsh, negative, or intrusive caregiving may
place her child at a higher risk for externalizing problems (Campbell, 2000; Campbell et al.,
2010; Shaw et al., 2003). Unfavorable relationships between a parent and child may also lead to
an insecure attachment, which has been associated with externalizing symptoms (O’Connor et
al., 2012). In addition, research shows that a caregiver’s method of discipline may also affect a
child’s social-emotional development, as children who are physically punished are more likely to
show externalizing problems (Callender et al., 2014; Choe et al., 2014). Children are also
affected by behaviors they see being modeled in their home by parents, caregivers, or other
important people in their lives (Campbell, 2000). If children are exposed to adults who solve
problems by yelling, fighting, or being physically aggressive, they are more likely to use these
same strategies in their own problem solving as well. In addition to a child’s home environment,
their neighborhood–an aspect of the exosystem–can also influence their social and emotional
development. Growing up in a dangerous neighborhood with higher levels of crime is associated
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with more externalizing behavior problems in children (Li et al., 2017; Pei et al., 2019; Ramey &
Harrington, 2019). Children in these neighborhoods are likely to see destructive coping strategies
modeled often, and the relationships they form are less likely to be supportive and healthy
(Campbell, 2000). Additionally, living in a dangerous neighborhood can lead to more parental
stress or household conflict, which may also increase externalizing behavior in children. Any of
these possibilities, or a completely separate reason, may help explain the relationship between a
dangerous neighborhood environment and externalizing symptoms in children.
The Effects of Early Social-Emotional Development on Later Functioning
Often, it is assumed that these early social-emotional problems are only temporary, and
children will eventually grow out of them (Carter et al., 2004). While this may be true for some
children, research has shown that social-emotional problems observed in early childhood often
endure through elementary school, adolescence, and even adulthood. Much of this research does
not consider the persistence of social-emotional problems beginning in infancy, but the studies
that do include 12-month-old children suggest that these early problems are not transient.
Children who experience social-emotional problems in the first few years of life often go on to
experience similar difficulties during elementary school. Research by Briggs-Gowan and Carter
(2008) demonstrated that about 33% children between the ages of 1 and 3 years had of-concern
BITSEA scores, which indicate high levels of social-emotional and behavioral problems. These
early concerns continued into elementary school, as these children were 4.5 times more likely to
have both a psychiatric diagnosis and continued behavior problems when they reached school
age. Other research also supports the persistence of early behavior problems, showing that at
least half of children identified as having social-emotional problems within the first few years of
life continued to have these struggles one year later (Briggs-Gowan et al., 2006; Briggs-Gowan
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et al., 2004). While this stability occurred for all types of social-emotional problems,
externalizing problems showed a stronger stability over time than internalizing problems
(Briggs-Gowan et al., 2006). Similarly, Fischer (1984) found that externalizing problems in
children aged 2 to 6 years predicted externalizing problems at age 9 to 15 years more strongly
than early internalizing problems predicted later internalizing problems. Furthermore, later
internalizing problems could be better predicted by early externalizing problems than by early
internalizing problems. While internalizing problems in young children do often correlate with
later social-emotional problems, these studies suggest that early externalizing problems are an
even better predictor of later difficulties.
Due to the compelling consistency of externalizing behaviors, early externalizing
problems have received a great deal of attention when exploring problem stability. Alink and
colleagues (2006) used parental reports to demonstrate that physically aggressive behavior
occurring in 12-, 24-, and 36-month-old children remains relatively constant 1 year later.
Similarly, Lavigne et al. (1998) concluded that over 50% of 2- to 3-year-old children who exhibit
disruptive behavior continue to do so 3.5 to 4 years later. One reason externalizing problems may
have received more attention and yielded stronger results is the relative ease in observing these
types of difficulties. Externalizing children are generally defiant, aggressive, and impulsive,
which are often behaviors that require adult intervention to control. Therefore parents, teachers,
and other caregivers are reliably made aware of children who struggle in these areas. On the
other hand, internalizing behaviors, such as being withdrawn, fearful, or anxious, are not
disruptive to others in the environment and may not be noticed by adults as easily. Because
young children are not yet adept at verbalizing their emotions, it may be more difficult for them
to make adults aware of the struggles they are experiencing. Regardless of these discrepancies,
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research shows that both internalizing and externalizing problems show some degree of
continuity throughout development.
As children move into adolescence and adulthood, social-emotional problems from
earlier phases of development continue to predict difficulties in subsequent phases. Both
internalizing and externalizing problems in children ages 2 and 3 years have been shown to
persist into preadolescence (Mesman et al., 2001; Mesman & Koot, 2001; Pihlahoski et al.,
2006). Externalizing symptoms were again shown to have the stronger consistency compared to
internalizing symptoms (Mesman et al., 2001). Certain forms of adult psychopathology may also
have their roots in childhood social-emotional functioning, though the results are slightly less
definitive. According to Althoff (2010), dysregulation in childhood is associated with adult
anxiety disorders, mood disorders, disruptive behavior disorders, and substance use disorders.
Similarly, Reef, van Meurs, et al. (2010) found that social-emotional and behavioral problems in
childhood predicted anxiety disorders, mood disorders, and disruptive behavior disorders in
adults. Other researchers have looked more specifically at externalizing problems and discovered
that these struggles in childhood are associated with both adult internalizing (depression, anxiety,
withdrawal, somatic complaints) and externalizing (aggression, rule breaking) problems as well
as substance abuse (Loth et al., 2014; Miettunen et al., 2014; Reef, Diamantopoulou, et al.,
2010). This research suggests that social-emotional problems early in life have long-lasting
impacts on later functioning.
Due to the enduring nature of early social-emotional problems, understanding the
development of these abilities early in life is vital when working to target interventions.
Identifying problematic social-emotional development in infants and young children and
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intervening as soon as possible could act as a method of prevention for internalizing and
externalizing disorders later in life.
Risk Factors That Influence Social-Emotional Development
As children grow and develop, they may encounter certain risk factors, which are
“environmental or individual attributes that are associated with a negative developmental
outcome” (Naglieri et al., 2013, p. 262). These risk factors do not guarantee a poor outcome for
children, but the chance of such an outcome is higher in children who have encountered risk
factors than those who do not experience any risk factors (O’Dougherty Wright et al., 2013).
These risk factors can exist within all aspects of the bioecological model, including within the
child (e.g., temperament, gestational age), in the parents (e.g., education level, psychopathology),
or within the broader family or social context (e.g., poverty, family stress; Bagner et al., 2012;
Mantymaa et al., 2012). Many of these factors were considered earlier in the context of
mechanisms and pathways leading to the development of internalizing and externalizing
problems. While all of these factors contribute to the understanding of the child’s development,
the current study focused on biological factors within the individual child as well as family
psychosocial and demographic factors within the child’s microsystem. This study sought to
increase understanding of the early consequences of these risk factors and how they affect socialemotional development in infancy.
Biological Risk
Gestational Age. Gestational age is used as a metric for how far along a pregnancy is
and is determined by calculating the amount of time from the first day of the mother’s last
menstrual cycle until the day the baby is born. A pregnancy lasting between 37 and 42 weeks is
considered “full-term,” while an infant is considered “preterm” if they are born before 37 weeks
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(MedlinePlus, 2020). Often, researchers further categorize infants born prematurely into those
born “very premature” and those born “moderately premature.” These categorizations vary
slightly between studies, but typically very premature infants are those born prior to 32 weeks
gestation. Infants are generally considered moderately premature if they are born between 32 and
36 weeks gestation.
Gestational age has been implicated in social-emotional development, as some research
indicates that infants born earlier have a higher risk of exhibiting emotional and behavioral
problems. In a sample of children born between 23 and 41 weeks gestation, decreasing
gestational age was associated with a poorer overall level of achievement after the child’s first
year of school (Quigley et al., 2012). A similar trend continued when examining personal, social,
and emotional development in these children: 43.6% of the preterm children (23-31 weeks)
exhibited inadequate scores in these areas of development while only 25.2% of full-term children
(39-41 weeks) had inadequate scores. Additionally, Bhutta and colleagues (2002) conducted a
meta-analysis examining developmental outcomes, including social-emotional development, in
preterm children. Of the 16 reviewed studies, 13 indicated that children born preterm exhibited
more internalizing and externalizing problems than their full-term counterparts.
These disparities in social-emotional development are especially striking when
comparing children born extremely preterm to those who are born full-term. According to a
study conducted by Spittle and colleagues (2009), very preterm children (< 30 weeks gestation or
< 1,250 g birth weight) had poorer social-emotional competence as well as higher levels of
internalizing problems and dysregulation compared to their full-term peers at age 2 years. These
negative outcomes are not isolated within the first few years of life and instead continue to be
observed as children age. Delobel-Ayoub and colleagues (2006; 2009) examined the prevalence
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of emotional and behavioral problems at age 3 years and again at age 5 in a sample of very
preterm children (22 and 32 weeks) compared to full-term children. When the children were 3
years old, significantly more preterm children (20%) than full-term children (9%) struggled with
emotional and behavioral problems (Delobel-Ayoub et al., 2006). Similarly, a significant
difference between these two groups was also observed when the children were 5 years old; the
prevalence of emotional and behavioral problems in preterm children was twice the prevalence
in full-term children (Delobel-Ayoub et al., 2009).
A similar pattern of results exists when comparing moderately preterm children to fullterm children, such that those born moderately preterm typically evidence more negative
outcomes. Children who are born between 32 and 36 weeks gestation have been found to have
more behavioral and emotional concerns and specifically higher levels of internalizing and
attentional problems (Potijk, 2015; Talge et al., 2010). While results from many studies suggest
poorer outcomes for children born preterm, conflicting results are sometimes found for
moderately preterm children that question whether outcomes between them and their full-term
counterparts are similar or disparate. For example, van Baar and colleagues (2009) found that
moderately preterm children were more likely to experience internalizing problems at 8 years of
age compared to their full-term counterparts. However, these results were only present when
mother and teacher report were used, while father report did not indicate group differences.
Additionally, moderately preterm children did not appear to exhibit more externalizing problems
than their full-term peers. Similarly, Cheong and colleagues (2017) found that preterm infants
born between 32 and 36 weeks gestation had lower levels of social-emotional competence at 2
years than full-term infants. However, these two groups did not differ on levels of social-
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emotional problems. Overall, children born preterm are at higher risk for poor social-emotional
development, but these results may be nuanced by the exact gestational age of the sample.
Temperament (Negative Affectivity). Research suggests that infant temperament plays
a role in a child’s social-emotional development. Negative affectivity, one of the three key
components of infant temperament, has been specifically found to influence later socialemotional functioning and pathology (Watson & Clark, 1984). Researchers have described
individuals with high levels of negative affectivity as “being characterized by an overall negative
disposition which can fluctuate but is pervasive in nature, and encompasses feelings such as
nervousness, tension, anger, guilt, self-dissatisfaction, and a sense of rejection and sadness”
(Crawford et al., 2011, p. 54). Higher levels of negative affectivity in infancy have been
associated with both internalizing and externalizing problems in toddlers (Gartstein et al., 2012;
Northerner et al., 2016). This relationship remains as children move through the preschool years,
as research suggests that preschoolers who had higher levels of negative affectivity as infants are
more likely to experience both internalizing and externalizing problems (Crawford et al., 2011;
Gartstein et al., 2012). Negative affectivity continues to be implicated with psychopathology in
adolescence, as results from Tortella-Fileu and colleagues (2010) indicate that negative
affectivity is associated with negative styles of emotion regulation, which is in turn associated
with symptoms of anxiety and depression.
Postnatal Medical Complications. Medical complications experienced after birth can
have a significant effect on a child’s developmental outcomes, including their social-emotional
abilities. A variety of neurological complications, such as a stroke, seizure, intraventricular
hemorrhage, or other neurological damage, puts a child at higher risk for emotional, behavioral,
and attentional problems. According to Minde (2000), children are two to three times more likely
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to show behavior problems if they have experienced neurological damage. Some children
experience chronic seizures, which are one form of neurological damage that can lead to
increases in internalizing and externalizing problems (Minde, 2000). Furthermore, seizures are
often seen as the first indication that another form of neurological damage, such as a stroke, has
occurred. Cognitive and behavioral problems are observed in up to 11% of children who had a
neonatal stroke, and as many as 50% of children who had a suspected perinatal stroke (Golomb
et al., 2001; Lee et al., 2005). Another neurological condition experienced in infancy,
intraventricular hemorrhage, refers to bleeding occurring in or around the ventricles of the brain.
Infants with this condition often obtain poor outcomes on neurodevelopmental assessments and
their social competence, adaptive behavior, and attentional abilities are negatively affected
(Fletcher et al., 1997; Klebermass-Schrehof et al., 2012). Aside from early neurological
concerns, bronchopulmonary dysplasia (BPD), a chronic respiratory condition experienced in
infancy, can also negatively impact a child’s social-emotional development. Children with BPD
are more likely to struggle with attention, internalizing symptoms, and behavioral problems than
children without this condition (Farel et al., 1998; Robertson et al., 1992).
Research identifies additional medical complications that may occur in infancy and can
lead to negative neurodevelopmental outcomes, though social-emotional outcomes are less well
studied for these conditions. Retinopathy of prematurity occurs when the blood cells in the retina
do not develop appropriately and has been found to negatively impact IQ, academic
achievement, and neurodevelopment as measured by the Bayley Scales of Infant and Toddler
Development. It is somewhat unclear, however, whether these differences are due to retinopathy
of prematurity itself or the associated visual impairments that often accompany it (Beligere et al.,
2015; Glass et al., 2017; Molloy et al., 2016). Neonatal sepsis refers to a bacterial infection in the
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bloodstream that can lead to compromised cerebral blood flow and neurological damage, thereby
resulting in poorer neurodevelopmental outcomes. Research indicates that children who
experienced neonatal sepsis score more poorly on the Bayley Scales of Infant and Toddler
Development (Bentlin & Suppo de Souza Rugolo, 2010; Haller et al., 2016). With all of these
medical conditions, it is important to consider not only the potential biological complications but
also the psychological effects that might be experienced by the parents. Often, when children
have severe medical complications, parents feel very anxious about their child’s well-being and
may doubt their own ability to parent successfully and keep their child safe. Furthermore, parents
may view these children as more fragile and vulnerable, leading them to interact differently than
they would with a completely healthy child (Minde, 2000). These social and interpersonal factors
may also have consequences for a child’s social-emotional development.
Psychosocial Risk
Maternal Depression. Research indicates that maternal psychopathology can play an
important role in children’s social-emotional development. For example, Mantymaa and
colleagues (2012) found that children of mothers who struggle with mental health problems
during pregnancy are at a higher risk for both internalizing and externalizing problems at age 5
years. While general maternal psychopathology is important to consider, most of the research in
this area has focused specifically on maternal depression. Goodman and Tully (2006) conducted
a review of the literature on maternal depression and found that it is associated with negative
affect, heightened emotionality, dysregulated aggression, anxiety, attentional problems, and less
secure attachments, among other concerns in children. Similarly, Moe and colleagues (2016)
found that maternal depression when infants were 3 months old had a negative effect on their
social-emotional functioning at 12 months of age. Negative effects of early maternal depression
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can extend into elementary school as well, as maternal depressive symptoms when infants were 1
month old were associated with elevated internalizing symptoms in first grade (Anhalt et al.,
2007). This effect was significant even after considering maternal age, maternal education, and
the infant’s gestational age.
Stressful Life Events. Stressful life events, such as parental separation, incarceration of
an immediate family member, or exposure to domestic violence, are a well-established risk
factor for many negative outcomes throughout development, including poor social-emotional
development. Specific stressful events often have individual effects on development, such that
children who experience a certain event exhibit more social-emotional and mental health
struggles. For example, when families had a history of domestic violence, 6-year-old children
had higher levels of externalizing problems. A similar pattern was found in homes where a
caregiver had a recent criminal history (within the last 12 months), as these children also
exhibited more externalizing problems (Clarkson Freeman, 2014). These negative outcomes
continue to be observed as children enter young adulthood. Individuals who experienced parental
unemployment at some point throughout their lives were more likely to use drugs and engage in
antisocial behavior. Parental separation was also predictive of drug use in young adulthood.
Furthermore, individuals who had a parent with an alcohol or drug problem were more likely to
experience depressive symptoms, use drugs, and engage in antisocial behavior as young adults
(Schilling et al., 2007). While these individual stressful life events may be deleterious to socialemotional development, cumulative exposure to multiple stressful experiences in childhood may
be even more detrimental. For instance, adverse experiences were predictive of poorer socialemotional development in 3- to 4-year-old Head Start children, such that a higher number of
adverse experiences was associated with lower social-emotional development (Blodgett, 2014).
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Another study found that each additional adverse experience led to a 32% higher chance of a
child obtaining a clinically significant score on a measure of emotional and behavioral
functioning (Kerker et al., 2015). Overall, these results indicate that children who have
experienced multiple stressful life events are at a higher risk for poor social-emotional
functioning.
Parenting Stress. Parenting stress, the difficulty and strain that arises from the demands
and responsibilities of being a parent, has been shown to negatively affect a child’s socialemotional development. The amount of parenting stress an individual experiences can be
assessed through self-report questionnaires, such as the Parenting Stress Index (PSI). This
measure is meant for parents with children from 1 month to 12 years old and provides a gauge of
the amount of stress the parent is experiencing within the parent-child relationship (Abidin,
2012). This effect of parenting stress on social-emotional development can be seen as early as
the infant’s first birthday and continues to be found throughout toddlerhood and in school-aged
children. In a sample of children 12 to 35 months old, parenting stress was associated with higher
problem scores on a measure of social-emotional problems and competence (Briggs-Gowan,
1996). This relationship has also been demonstrated in early school-aged children, as high
parenting stress places children at a higher risk for both internalizing (Bayer et al., 2012;
Mantymaa et al., 2012) and externalizing problems at age 5 years (Mantymaa et al., 2012).
Similarly, higher scores on the PSI when infants were 1 month old were associated with higher
levels of internalizing problems in the first grade (Anhalt et al., 2007). These studies indicate that
parenting stress affects children’s social-emotional development, but it is also possible that a
child’s social-emotional development has an effect on parenting stress. Researchers have been
working to determine the directionality of this relationship, and some studies indicate that the
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constructs of parental stress and social-emotional development may be transactionally related.
For example, Neece and colleagues (2012) found that parenting stress could be both a risk factor
and a result of children’s problematic social-emotional development. In the same way, a child’s
social-emotional problems could be either a causal factor promoting the development of
parenting stress or the outcome of an environment saturated with parenting stress.
Demographic Risk
Household Income. Living in poverty is a well-established risk factor for difficulties
with social-emotional development. Children from families who struggle with economic
deprivation and low income have been shown to be more behaviorally dysregulated and
experience higher levels of internalizing and externalizing problems (Holtmann, 2011; Kiernan
& Huerta, 2008). In a sample of first-grade children, children whose families reported low
income when the child was 1 month old were more likely to show externalizing problems than
children from families who did not report low income when the child was 1 month old (Anhalt et
al., 2007). This result suggests that growing up in a low-income household results in long-term
negative consequences for children. Huaqing Qi and Kaiser (2003) conducted a review of the
literature examining the social-emotional and behavioral problems of children who live in lowincome families. Compared to only 3-6% of the general population, as many as 30% of children
living in poverty have social-emotional or behavioral problems, highlighting the high prevalence
of these issues in this population.
Maternal Education. Level of maternal education has also been shown to play a role in
children’s development of social-emotional problems. Higher maternal education may facilitate
healthy social-emotional development in children through a variety of mediating factors, such as
providing a more stimulating environment or engaging in more supportive parenting. For
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example, mothers who had higher levels of education have been found to provide more
emotional support to their children, thereby facilitating their behavioral regulation (Zeytinoglu,
2018). In general, research has supported the relationship between maternal education and socialemotional functioning in children from infancy through elementary school, suggesting a robust
and long-lasting effect of maternal education level. In a sample of children between 12 and 48
months of age, Weitzman and colleagues (2014) found that children whose mothers had less than
a high school education were more likely to demonstrate social-emotional and behavioral
problems than children whose mothers were more highly educated. Duncan (1994) extended
these results to older children and found that 5-year-old children are at a higher risk for both
internalizing and externalizing problems if their mother has a lower education level.
Additionally, children whose mothers had lower education levels—measured when the infant
was 1 month old—were more likely to have higher levels of externalizing problems in first grade
(Anhalt et al., 2007). Furthermore, Holtmann and colleagues (2011) demonstrated that 8-year-old
children who evidenced behavior dysregulation were likely to have parents who were not highly
educated.
Marital Status. Marital status also appears to play a role in a child’s development, as it
may provide information about the availability of resources or amount of familial conflict the
child has been exposed to that may have affected their social-emotional abilities. Children of
single parents may be more under-resourced simply because of living in a single income
household. Additionally, children of single or divorced parents may have been exposed to
relational conflicts between their parents or other adults in the household or may have
experienced multiple caregiver changes as their parent moved in and out of romantic
relationships. These consequences of differing marital statuses could influence the child’s
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development of social-emotional skills. While the exact mechanism behind this relationship is
unclear, research has identified an association of marital status with a child’s social-emotional
development. In one study, Bayer and colleagues (2012) found that internalizing problems in 5year-old children were predicted by having a single parent. Results from Shaw and colleagues
(1999) showed that children in single parent households, as well as children with already
divorced or soon to be divorced parents, had more internalizing and externalizing symptoms than
children from two-parent households. Another study examined the development of children
living with a single mother, cohabiting but unmarried parents, or married parents (Qu & Weston,
2012). In terms of social-emotional functioning, results indicated that children of married parents
fared the best, followed by children with cohabiting parents. Children of single mothers appeared
to experience the least optimal social-emotional development.
Cumulative Risk
While it is important to identify certain risk factors that affect development, it is quite
rare that a child will be exposed to a single risk factor in isolation. Instead, it is common for
children to be exposed to multiple risk factors, which highlights the importance of understanding
how risk factors operate in conjunction with each other (O’Dougherty Wright et al., 2013;
McLaughlin & Sheridan, 2016). In general, a child who experiences multiple risk factors will be
at more of a disadvantage than a child who experiences only one risk factor. Cumulative risk
considers the combined effect of multiple different risk factors or repeated occurrences of the
same risk factor on children’s health and well-being (O’Dougherty Wright et al., 2013). Research
has demonstrated that cumulative demographic risk and cumulative psychosocial risk both are
associated with increased social-emotional and behavioral problems (Skovgaard et al., 2008;
Weitzman et al., 2014).
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There are a variety of ideas about how cumulative risk may lead to increased negative
outcomes, including the consideration of a threshold response versus a linear response and the
possibility of negative outcomes due to the allostatic load. Cumulative risk may function through
a threshold response, in which outcomes in individuals with an increasing number of risks may
remain constant until a threshold is reached (Weitzman et al., 2014). After this threshold of risk
is crossed, negative outcomes significantly increase. In this instance, individuals with two, three,
and four risks may fare similarly. It is only after experiencing a fifth risk that the rate of negative
outcomes would increase in these individuals. Conversely, a linear response is also possible,
where there is a linear relationship between the number of risks a person is exposed to and the
negative outcome they experience (Weitzman et al., 2014). With this mechanism, an individual
with two risk factors would have a more negative outcome than an individual with one risk
factor, the outcome of an individual with three risk factors would be more negative than the
individual with two risk factors, and so on. Many researchers have also studied allostatic load,
which is defined as “long-term wear and tear resulting from chronic adaptation to stress”
(McLaughlin & Sheridan, 2016, p. 240). Our body’s response to stress, such as the release of
cortisol and increase in heart rate, are adaptive in the moment as they allow us to mobilize our
resources to either fight or run from whatever stressor we are facing. However, chronic response
to these stress reactions is not adaptive long-term and can lead to a variety of health
complications. For example, constant release of cortisol and other glucocorticoids can lead to
changes in brain regions with receptors for cortisol and other glucocorticoids. Research has
shown that individuals experiencing chronic stress may present with smaller hippocampal
volumes, increased amygdala size and activity, and dendritic changes in the prefrontal cortex
(McEwen, 2012).
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Protective Factors
While risk factors increase the likelihood of maladaptive outcomes, many children who
have experienced adversity are still able to adapt quite well. It is important to explore what
factors seem to promote successful development as well as the process by which those factors
function. Researchers have focused on identifying protective factors, which are “environmental
and individual attributes that counter the impact of risk and decrease the likelihood of negative
outcomes” (Naglieri, 2013, p. 263). Throughout many years of research, similar protective
factors continue to emerge across studies, suggesting a universality by which children can be
positively supported in their development. These factors can be understood from the
bioecological model as being aspects of the person or context that promote resilience or lay the
groundwork for the process of supportive interactions. Attributes internal to the person can serve
a protective function for the child, such as good cognitive skills, an easy-going temperament, or
the ability to self-regulate (Goldstein & Brooks, 2013; Masten, 2013). These abilities can
jumpstart a variety of proximal processes that elicit a positive response from others in the
environment and facilitate the development of other tools needed for the child to be successful.
The direct experiences that children have with others in their microsystems can also be
protective. A positive family environment can act as a protective factor, including effective and
sensitive parenting practices as well as the development of close relationships with caring adults
(Goldstein & Brooks, 2013; Masten, 2013). Outside of the family, other social support networks
can also be protective for children experiencing risk. Religious or cultural communities, school
systems, and community-based organizations can all provide children a safe place to create
connections with others and experience success (Goldstein & Brooks, 2013; Masten, 2013).
These and other protective factors are especially crucial for children who find themselves in an
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adverse situation that cannot be altered (Goldstein & Brooks, 2013). For example, even though
living in poverty is an established risk factor for children, there is not often a way to quickly
change a family’s financial situation or remove the child from that environment. Therefore, it is
important to understand what conditions are more likely to lead to positive adaptation in lowincome children in order to focus on cultivating these factors and promoting adaptive
development in this population. These changeable environmental factors provide logical targets
for intervention. This study aimed to identify a modifiable protective factor, namely sleep
efficiency and consolidation, in the relationship between risk and social-emotional development
that will confer more favorable outcomes despite risk.
Typical Sleep Development From Birth to Age 4
Promoting good quality sleep in infants and children may be a potential avenue for
bolstering positive outcomes, as research shows that sleep is related to social-emotional
functioning in children. Previous research has shown that during infancy and early childhood,
good quality sleep has benefits for a wide variety of developmental outcomes, including physical
growth, cognitive abilities, and social-emotional development (Sadeh et al., 2015; Scher et al.,
2009; Tham et al., 2017). This good quality sleep is not immediate in newborn infants, however,
and sleep patterns undergo major developments during the first few years of life. At birth, infants
do not yet have an established circadian rhythm, and their sleep schedule does not differentiate
between day and night. Instead, they tend to sleep in sporadic one to two-hour intervals
throughout both day and night, which are largely dictated by their feeding schedule. During this
newborn period, it is common for infants to sleep between 16 and 17 hours within a 24-hour
period (Tham et al., 2017). Between 2 and 3 months of age, infants’ circadian rhythm begins to
develop, and their sleep becomes more nocturnal as they begin to follow the pattern of being
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awake during daytime hours and sleeping at night (Tham et al., 2017). The total amount of time
an infant spends sleeping each day decreases slightly with age, as most 4-month-old infants sleep
between 14 and 15 hours within a 24-hour period while most 6-month-old infants sleep between
13 and 14 hours of those 24 hours (Tham et al., 2017). At 6 months of age, the majority of
infants are able to sleep through the night most of the time; night wakings are not uncommon,
though these infants often only wake their parents one to two times per week (Tham et al., 2017;
Weinraub et al., 2012). Six-month-old infants may wake more than these one to two times during
the week but are able to regulate and fall back asleep on their own without parental assistance
(Martins et al., 2018). During the second 6 months of life, children typically have shorter sleep
onset latencies and are able to fall asleep more easily than they are from birth to 6 months
(Sadeh, 2004). By the time children are 9 to 12 months of age, they sleep on average 12.9 hours
over a 24-hour period (Galland, 2011).
In continuing to examine a child’s sleep development, many studies have uncovered
general trends in children’s sleep patterns from birth to age 4. During this period, children’s total
sleep duration decreases with increasing age (Sadeh, 2004; Teng, 2012). In addition to changes
in the amount of total 24-hour sleep, the timing of this sleep also shifts as children get older.
With increasing age, children generally experience sleep consolidation; that is, their amount of
daytime sleep decreases, and their amount of nighttime sleep increases as they nap less and their
main sleep period becomes concentrated during the night (Sadeh, 2004; Teng, 2012). Children
increase the length of their longest uninterrupted nocturnal sleep episode and spend less time
awake during the night (Teng, 2012). Tham and colleagues (2017) noted that about 20-30% of
children experience night wakings throughout the first two years, though generally the wakings
decrease with age. Similarly, Galland (2011) reported that from birth to age 2 years, there is a
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general trend toward a reduced number of times a child wakes at night. A similar pattern of
decreased night wakings has also been described by Teng (2012) in children from infancy to age
3 years. As children age, shorter sleep onset latency, in addition to reduced nighttime wakings,
can result in increased sleep efficiency, which is the percentage of time in bed that a person
spends asleep (Reed & Sacco, 2016). Taking these developmental norms into account, the
current study incorporates measures of both sleep efficiency and sleep consolidation at 9 months,
an age by which most infants should be sleeping more at night, have shorter sleep latencies, and
wake less often. Variability in sleep efficiency at this age will allow for the differentiation of
children who are developing typical sleep patterns and those who are evidencing persistent sleep
difficulties. Children who still exhibit poor sleep efficiency at 9 months of age have deviated
from the developmentally normative pathway and may be at risk for more negative outcomes.
Though many children experience increasingly nocturnal and uninterrupted sleep from
birth to age 4 years, some children struggle to have a well-regulated sleep schedule, which can be
distressing for both the child and parents. Often, parents report these sleep concerns to their
infant’s primary healthcare provider who then attempts to characterize and quantify the infant’s
sleep patterns and difficulties. This is typically accomplished by having parents fill out a
standardized questionnaire about their child’s sleep to help the physician understand the severity
of the problem. The Brief Infant Sleep Questionnaire (BISQ) is commonly used for this purpose
and contains questions regarding the length and timing of the infant’s sleep as well as aspects of
their bedtime routine and sleep ecology. Utilizing measures such as the BISQ can aid physicians
and parents in the early detection and intervention of sleep problems. In one study by Teng and
colleagues (2012), about one-third of parents who completed the BISQ described their child’s
sleep as problematic.
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Similarly, Williams and colleagues (2016) studied children from infancy through age 9
years and found that the majority (69%) of them experienced a decreasing number of sleep
problems with increasing age. All of the children in this group were found to have no sleeping
problems by the time they reached age 4 and 5 years. The other 31% of children, however, had
sleep problem scores that increased throughout the study (Williams et al., 2016). When
examining the factors that cause parents to characterize their child as having a sleep problem,
Sadeh and colleagues (2009) discovered that frequent night wakings and difficulty falling asleep
are the two most salient predictors.
The Role of Sleep in the Relationship Between Risk and Social-Emotional Development
As evidenced by the research reviewed here, an infant’s sleep patterns undergo major
changes within the first few years of life. Successful navigation of these changes leads to a
healthy pattern of nocturnal and uninterrupted sleep for many children, while others are still
unable to regulate their sleep behavior. Previous research has demonstrated that poor sleep is
often associated with problematic social-emotional development and suggests that sleep may
also affect the observed relationship between certain risk factors and social-emotional
functioning. Children who obtain less sleep at night are more likely to score higher on measures
of problematic social-emotional functioning and present with both more internalizing (Mindell et
al., 2017) and externalizing problems (Scharf, 2013). Higher levels of internalizing (Scher et al.,
2009) and externalizing (Belanger, 2018; Sadeh, 2015) problems, as well as more negative
emotionality (Scher et al., 2009), are also observed in children whose sleep is less efficient. In
general, this research suggests that sleep and social-emotional development are closely related.
One study suggests that the effect of sleep on these aspects of social-emotional
functioning may in part depend on the child’s environmental circumstances. El-Sheikh and
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colleagues (2010) examined socioeconomic status (SES; e.g., household income, type of
employment), sleep efficiency, and internalizing and externalizing behaviors in a group of
children in third grade and again in fifth grade. The authors operationalized sleep efficiency
using actigraphy as the amount of motionless sleep a child obtained, which is widely accepted as
a measure of sleep quality. When examining results cross-sectionally when the children were in
fifth grade, researchers found that children who had high sleep efficiency did not present with
different levels of externalizing behaviors regardless of their SES. However, externalizing
behaviors did vary in the group of children with lower sleep efficiency. Children from higher
SES homes who had lower sleep efficiency exhibited lower levels of externalizing behaviors
than children from lower SES homes who also had lower sleep efficiency. The researchers found
that this pattern was the same for internalizing behaviors. Generally, children from low SES
households still exhibited normal levels of externalizing and internalizing behaviors if they also
had high sleep efficiency. While this pattern of results was quite apparent in these cross-sectional
comparisons, the results from their longitudinal investigation did not follow the same pattern. In
addition to SES, another study examined the effect of sleep on the relationship between caregiver
education and adolescent executive functioning (Anderson et al., 2009). In this sample,
adolescents whose caregivers had a high level of education scored well on executive functioning
regardless of their sleep behaviors, while adolescents whose caregivers had a low level of
education had varying scores on executive functioning depending on their sleep. These findings
suggest that sleep may moderate the effects of multiple risk factors on social-emotional
functioning, and this pattern may be present in children of varying ages. However, this
relationship has not yet been examined in infancy. The current study aimed to examine the
moderating effect of sleep on the relationship between risk and social-emotional functioning at
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12 months to examine whether these results can be extended to a longitudinal investigation of a
younger population of children. Previously reviewed research indicates that individuals who
exhibit problematic social-emotional development throughout childhood and adolescence begin
to display these struggles within the first two years of life. This highlights the importance of
understanding how sleep might interact with risk in these young children to lead to these
outcomes to provide a possible mechanism for early intervention.
Sleep has not yet been studied as a protective factor for healthy social-emotional
development in infancy, but a small amount of research has explored how sleep may be generally
implicated in positive outcomes across the lifespan. As evidenced by the aforementioned studies,
research is beginning to support the role of sleep in conferring positive outcomes; however, this
relationship has not yet been examined in children prior to elementary school. Current research
has focused on other childhood, adolescent, and adult samples. Generally, these studies have
discovered that better sleep is associated with more positive outcomes, though more research is
needed to make a causal claim regarding the directionality of this relationship. Research
specifically examining the protective function of sleep is still quite sparse and has not been
extended to explore any relationships that may exist in infancy or early childhood. Future
research should not only describe the relationship between sleep and positive outcomes but also
should focus on the mechanisms by which sleep may confer protection against the negative
outcomes associated with certain risk factors.
Children with high levels of cumulative risk often experience schedules that are
unpredictable, family conflict, poorer quality parenting, and less environmental stimulation.
Children who, despite all of these risk factors, are still able to engage in self-regulation and sleep
well may be able to adapt more successfully. Implementing executive functioning skills and
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managing behavior may be more difficult for children who experience sleep problems, as they
are more fatigued and less able to focus their energy on these regulatory abilities (Turnbull et al.,
2013). Research has shown that sleep is an important factor in promoting brain plasticity,
allowing individuals to acquire new knowledge and skills as they develop (Dahl, 2005).
Typically, children have high levels of brain plasticity, which allows them to take in novel
information from their environment, respond to it, and learn from these experiences (Turnbull et
al., 2013). If sleep problems result in lower levels of plasticity and less neuronal response to
experiential output, children may struggle to develop new skills, such as emotion regulation,
executive functioning, and social abilities. Individuals exposed to environmental risk factors
encompassing deprivation and/or threat, such as poverty or physical abuse, will likely have fewer
synaptic connections and a lower amount of plasticity (McLaughlin et al., 2014). For children
who may be susceptible to suboptimal brain development due to their environment, obtaining
adequate sleep could help compensate and improve their neural plasticity.
Further research to understand the role of sleep in positive outcomes is crucial, as it
presents an avenue of intervention for children at risk for a variety of negative outcomes.
Amount and quality of sleep can be impacted and improved by methods such as sleep
interventions and parent psychoeducation. While it is unavoidable that at least some children will
experience risk and adversity early in life, sleep interventions could be a feasible method for
promoting social-emotional development.
Current Study
Research shows that social-emotional and behavioral problems early in life can have
long-lasting consequences for adaptation and well-being, which makes early identification and
intervention crucial in providing treatment for these children. When working with young
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children who are so dependent on their parents and other aspects of their environment, it is vital
to identify factors within a variety of contexts within the bioecological system that may place
certain children at a higher risk for developing these problem behaviors. Moderators between
these risk factors and a child’s social-emotional functioning are also important to characterize, as
this knowledge may allow for targeted early interventions. Figure 2 places each of the constructs
of interest for the current study within Bronfenbrenner’s bioecological model, to promote an
understanding of how a child’s environmental contexts may interact to create relationships
between risk, sleep, and social-emotional functioning (including typical social-emotional
development and behavioral problems).
Typical development of and risk factors for social-emotional problems have been largely
studied in preschool and school-aged children, but due to a lack of acceptable measures and
methods to study this construct in younger children, infants have typically been omitted from
these investigations. The first aim of this study was to address this gap in the literature
by characterizing cumulative risk, social-emotional functioning, sleep efficiency, and sleep
consolidation in our current sample of 12-month-old children in order to explore these questions
in a younger population. To examine how each of these variables were related in our current
sample, the second aim of this study was to characterize the concurrent and longitudinal
relationships between sleep efficiency, sleep consolidation, and social-emotional functioning at 9
and 12 months and the cumulative risk experienced by the infant.
While some children will inevitably experience biological, psychosocial, and/or
demographic risks within their first year of life, not all at-risk children will develop problematic
social-emotional behaviors. Identifying factors that allow for positive outcomes is another
important focus of research as we work toward interventions that promote healthy development.
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Some research suggests that quality sleep may function in this way, as it has been associated
with favorable outcomes in adolescent and adult populations. Studies have connected quality
sleep in infancy with positive outcomes as well and shown that targeting sleep through
behavioral interventions and psychoeducation may prove to be a feasible way to promote healthy
social-emotional functioning. The third aim of the current study was to extend previous research
regarding sleep and positive outcomes to a younger population. We aimed to do this by
examining the possible moderating effects of sleep on the relationship between cumulative risk
and the development of social-emotional functioning in 12-month-old infants. Figure 3 illustrates
the conceptual model of the current study.
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Figure 2
Bronfenbrenner’s Bioecological Model Modified to Include Constructs of Interest for the
Current Study

Note. Adapted from “Shaping influences – Human development,” by D. Lichtenberger, 2012,
http://drewlichtenberger.com/6-shaping-influences-human-development/
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Figure 3
Conceptual Model of Infant Sleep Moderating the Association Between Cumulative Risk and
Social-Emotional Functioning.

Cumulative Risk by Domain
-

Biological

Psychosocial Demographic

-

Gestational Age
Negative Affectivity
Postnatal Medical
Complications
Maternal Depression
Stressful Life Events
Parenting Stress
Household Income
Maternal Education
Marital Status

Social-Emotional Functioning
-

Infant Sleep
Efficiency/Consolidation
-

BITSEA Problem Scale
PediaTrac
Social/Communication/Cognition
Domain

BISQ
PediaTrac Sleep
Domain
Covariates:
- Infant Sex
- Site

Cumulative Risk x Infant
Sleep

Note. BISQ = Brief Infant Sleep Questionnaire; BITSEA = Brief Infant-Toddler SocialEmotional Assessment.
The specific aims and associated hypotheses of the current study will be laid out in the
following section.


Specific Aim 1: To characterize sleep efficiency, sleep consolidation, social-emotional
functioning, and cumulative risk in a sample of 325 infants.
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o Hypothesis 1: Sleep efficiency will improve with increasing age from 9 months to
12 months.
o Hypothesis 2: Sleep consolidation will increase with increasing age from 9
months to 12 months.
o Hypothesis 3: We expect evidence of developmental gain in social-emotional
abilities between 9 months and 12 months.
o Hypothesis 4: Cumulative risk scores will differ by recruitment site.


Due to demographic differences between recruitment sites (see
“Procedures”), we expect participants from different sites to experience
differing levels of risk.



Specific Aim 2: To examine the relationship between cumulative risk in infancy and
sleep and social-emotional functioning at 9 and 12 months in a sample of 325 infants.
The relationship between sleep and social-emotional functioning will be examined
concurrently at both 9 and 12 months as well as longitudinally between these two time
points.
o Hypothesis 5: Children with greater cumulative risk will obtain higher scores on
the BITSEA Total Problem Scale and lower proportion of maximum possible
(POMP) scores from the PediaTrac TM social/communication/cognition domain
(SCG).
o Hypothesis 6: Children with greater cumulative risk will experience lower sleep
efficiency and sleep consolidation.
o Hypothesis 7: Sleep efficiency and sleep consolidation will be significantly
associated with social-emotional functioning when examined cross-sectionally.
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Children with lower sleep efficiency and sleep consolidation at 9 months will
obtain higher scores on the BITSEA Total Problem Scale and lower SCG POMP
scores at 9 months. The same relationship is hypothesized at 12 months.
o Hypothesis 8: Sleep efficiency and sleep consolidation will be longitudinally
associated with social-emotional functioning. Children with lower sleep
efficiency and sleep consolidation at 9 months will obtain higher scores on the
BITSEA Total Problem Scale and lower SCG POMP scores at 12 months.


Specific Aim 3: To examine the longitudinal effects of infant sleep on the relationship
between cumulative risk and social-emotional functioning.
o Hypothesis 9: Sleep will act as a moderator in this relationship. Sleep will have a
larger effect on social-emotional functioning for children with higher cumulative
risk. Both sleep efficiency and sleep consolidation will be examined as potential
moderators.
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Method
Participants
The current study is part of a larger longitudinal, multi-site investigation focused on the
development and validation of PediaTrac™, a caregiver report, web-based tool to monitor and
track infant and toddler development. The study is recruiting a final sample of 300
parents/caregivers of term gestation/uncomplicated delivery infants and an additional 200
parents/caregivers of preterm infants. Participating dyads are enrolled at birth and followed
longitudinally for 18-24 months.
Inclusion/Exclusion Criteria
Term gestation/uncomplicated delivery infants had a gestational age > 37 weeks, a
minimum birth weight of 2,500 grams, no history of prenatal or intrapartum complication, brain
injury, neurological illness, or disease (e.g., seizures). Infants were excluded from the study if the
infant was diagnosed with neonatal abstinence syndrome (NAS) or Down syndrome. Preterm
infants were defined as born < 37 weeks gestational age. We also stratified the sample based on
birth weight for gestational age and examined the following covariates: (a) intraventricular
hemorrhage (IVH) on ultrasound (Grades III, IV); (b) bronchopulmonary dysplasia (BPD)
defined as on oxygen supplementation at 28 days; (c) retinopathy of prematurity; and (d) sepsis,
based on prior literature. Participating caregivers were required to be the infant’s primary
caregiver and be at least 18 years of age. In order to participate, caregivers were required to have
access to a smartphone, tablet, computer, or similar device that would allow them to complete
study materials online. Measures were provided only in English; therefore, a minimal level of
English-language competence was required and assessed for through screening.
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Procedures
Infant-caregiver dyads were recruited from three sites: University of Michigan (UM),
University Hospitals Cleveland Medical Center/Rainbow Babies & Children’s Hospital (UH),
and Eastern Michigan University (EMU). At UM, infant-caregiver dyads were recruited from the
Women’s Mental Health Registry, Department of Psychiatry, and the Division of NeonatalPerinatal Medicine. At UH, infant-caregiver dyads were recruited from the Division of
Ambulatory Pediatrics and Neonatology from the Department of Pediatrics. At EMU, infantcaregiver dyads were recruited from the Departments of Pediatrics and Obstetrics/Gynecology,
Beaumont Health, and the Corner Health Center. Demographic differences among these
recruitment sites were notable and resulted in a diverse sample of participants. UM is located in
Ann Arbor, MI, a city where the median household income from 2015 to 2019 was $65,745
dollars, 97.3% of the adult population older than 25 years had graduated from high school, and
71.1% of individuals identified as White. In contrast, UH is located in Cleveland, OH, where the
median household income was $30,907, 80.8% of adults had graduated from high school, and
40.0% of the population identified as White. Similar to UH, EMU is located in Ypsilanti, MI,
where the median household income was $39,332, 91.8% of adults had graduated high school,
and 64.9% of individuals identified as White (United States Census Bureau, 2020).
Once enrolled, caregivers completed the PediaTrac™ surveys at eight sampling periods
that correspond to well-child visits (newborn (NB), 2, 4, 6, 9, 12, 15, and 18 months). A
subsample of approximately 100 infants across all sites returned for a neurodevelopmental
assessment at 24 months of age. For term infants, these time periods are based on their actual
date of birth, while time periods for preterm infants were age-corrected to 39 weeks gestation.
The surveys assess multiple developmental domains including feeding/elimination, sleep,
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sensorimotor, social/communication/cognition, attachment, and social/sensory information
processing. In addition, demographic questions are completed at the NB period and medical
information is gathered at all sampling periods. Participants also completed established
developmental, behavioral, and caregiver paper-pencil questionnaires at each sampling period
(see Table 1). The PediaTrac™ surveys were sent to participants via email at each time period
and completed online. Each caregiver was also mailed or provided a binder at the beginning of
the study that contained the developmental, behavioral, and caregiver questionnaires with preaddressed and stamped envelopes to be returned to their corresponding study site. A number of
strategies were employed to minimize attrition. Attrition was 4.69%. The study adhered to all
ethical standards and was approved by all institutional review boards (IRBs).
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Table 1.
Developmental, Behavioral, and Caregiver Self-Report Measures
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Measures
Brief Infant-Toddler Social-Emotional Assessment (BITSEA)
The BITSEA is a 42-item screener questionnaire for 12- to 36-month-old children with
two subscales meant to assess a child’s social-emotional competence and level of socialemotional problems (Briggs-Gowan & Carter, 2002). This questionnaire can be completed in 5
to 10 minutes and asks parents to report on their child’s behavior within the last month (Bagner
et al., 2012; Briggs-Gowan et al., 2004). Each item describes a feeling or behavior the child may
exhibit, and parents choose between 3 response options to indicate whether the statement is true
or has applied to their child within the last month: not true/rarely, somewhat true/sometimes, and
very true/often. The competence scale consists of 11 items designed to measure a child’s socialemotional abilities, such as empathy, compliance, and prosocial behaviors. The problem scale
consists of 31 items designed to measure a child’s social-emotional problems, such as
depression, anxiety, negative emotionality, aggression, defiance, and impulsivity. These 31 items
are further divided into items meant to detect internalizing, externalizing, and dysregulation
problems (Briggs-Gowan & Carter, 2002). For the current study, the problem scale was
examined as a measure of problematic social-emotional development. Research has documented
acceptable internal consistency of the problem scale (α = .79-.87; Briggs-Gowan et al., 2004;
Hungerford et al., 2015; Karabekiroglu et al., 2010). Acceptable test-retest reliability with
intervals ranging from 10 to 45 days has also been demonstrated for the problem scale (r = .81.87), suggesting stability in parent ratings over time (Briggs-Gowan et al., 2004; Hungerford et
al., 2015). This stability is further supported by Briggs-Gowan and colleagues (2004), whose
results indicate that BITSEA problem scores also have adequate 1-year stability (r = .65) that is
consistent across age and sex groups. Inter-rater reliability has also been demonstrated, as
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agreement between parents completing this measure is generally quite good (Spearman’s rho =
.66; r = .68; Briggs-Gowan et al., 2004; Karabekiroglu et al., 2010).
Brief Infant Sleep Questionnaire (BISQ) — Expanded Version
The Brief Infant Sleep Questionnaire (BISQ) is a parent report questionnaire that is used
to screen for infant and toddler sleep problems in children from birth to 36 months of age (Sadeh,
2004). Test-retest reliability of the BISQ ranges from .82 to .95. Convergent validity has also
been demonstrated, as the BISQ correlates significantly with sleep as measured by actigraphy (r
= .23-.54) and daily sleep logs (r = .27-.83; Sadeh, 2004). The current study utilized the
expanded version of the BISQ but adapted it slightly, retaining the questions regarding sleep
patterns and sleep ecology but removing any questions regarding demographics of the caregiver
or infant. Retained items asked parents to consider their infant’s sleep patterns, sleep-related
behaviors, sleeping arrangements, bedtime rituals, and parental sleep-related interventions within
the last 2 weeks (Sadeh et al., 2009). The current study utilized information obtained from the
BISQ to calculate an infant’s sleep efficiency and sleep consolidation. Sleep efficiency was
measured using the method recommended by Reed and Sacco (2016). Sleep efficiency was a
ratio of a child’s total sleep time divided by the duration of the sleep episode (DSE). DSE was
defined as the sum of sleep onset latency, total sleep time, and time awake after initial sleep
onset but before the final awakening. These values were obtained from the following items of the
BISQ: “How much total time does your child spend sleeping during the NIGHT (between 7 in
the evening and 8 in the morning)?” / “On a typical night, how much total time during the
NIGHT is your child awake?” / “How long does it typically take your child to fall asleep at
night?” Sleep consolidation is the percentage of the child’s total sleep time that occurs during
the night. It was calculated by dividing the child’s amount of nighttime sleep by the child’s
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amount of total sleep in a 24-hour period, all multiplied by 100. Necessary values for this
calculation were obtained from the following items of the BISQ: “How much total time does
your child spend sleeping during the NIGHT (between 7 in the evening and 8 in the morning)?” /
“How much total time does your child spend sleeping during the DAY (between 8 in the
morning and 7 in the evening)?”
PediaTrac™
As noted, PediaTrac™ is an experimental web-based survey tool used to prospectively
track infant and toddler development. Caregivers complete PediaTrac™ at eight time periods
(NB, 2, 4, 6, 9, 12, 15, and 18 months), which correspond to typical well-child visits. Each time
period includes on average 274 items examining six developmental domains
(feeding/elimination, sleep, sensorimotor, social/communication/cognition, attachment,
social/sensory information processing) as well as questions examining demographic and medical
factors. For the current study, information to measure an infant’s risk exposure was gathered
from the PediaTrac™ demographics domain. The social/communication/cognition (SCG)
domain was examined as a measure of a child’s typical social-emotional development. From this
domain, the POMP score was calculated to quantify a child’s development in this area. This
proportion reflects the current skill level of the child compared to the maximum possible skill
level measured by the SCG items at each specific time period. The PediaTrac™ SCG domain
from Version 2.0 has shown good reliability via IRT modeling (0.93; Lajiness-O’Neill et al.,
2018). Convergent and divergent validity have also been demonstrated with Version 2.0, as the
SCG domain positively correlated with existing social and social-communication measures, such
as the Ages and Stages Questionnaire-Personal Social domain (2 months, r = .48; 9 months, r =
.38), Communication and Symbolic Behavior Scales-Developmental Profile (CSBS-DP) Infant-
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Toddler Checklist (6 months, r = .43; 9 months, r = .72; 12 months, r = .78), BITSEA
Competence scale (12 months, r = .59), and the Infant Behavior Questionnaire (IBQ) Positive
Affectivity/Surgency (6 months, r = .57; 9 months, r = .48) and Negative Emotionality (6
months, r = .50) scales. At the newborn period, the SCG domain was also inversely related to
measures of maternal efficacy and self-esteem (Lajiness-O’Neill et al., 2018). Additionally,
information from the sleep domain was utilized to calculate sleep efficiency and sleep
consolidation. Since this measure was given at each time period, examining sleep variables from
PediaTrac™ allowed for the examination of changes in sleep efficiency and consolidation as
infants developed. This is in contrast to the BISQ, which was only given at select time periods.
Sleep efficiency and consolidation were calculated in the same manner described above. To
complete these calculations, data were obtained from the following PediaTrac™ items: “How
many hours of sleep does your child get at night?” / “How many hours of sleep does your child
get during the day?” / “On a typical night, how many times does your child awaken?” / “When
your child wakes at night, how long is each waking?”
Cumulative Risk Domains
Biological. In the current study, biological risk included an infant’s gestational age (in
weeks), temperamental negative affectivity, and postnatal medical complications. Information
about gestational age was obtained from the PediaTrac™ general medical domain. Negative
affectivity was measured by the Infant Behavior Questionnaire - Revised (IBQ-R) at 9 months
and is a domain composed of positive contributions from the subscales of distress to limitations,
fear, and sadness as well as a negative contribution from the subscale for falling reactivity.
Information about postnatal medical complications experienced by the infant was gathered as
part of the eligibility screening process. The following medical complications were included in
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the biological risk domain: stroke, more than one seizure, neurological illness, intraventricular
hemorrhage or hypoxic ischemic injury, BPD, retinopathy of prematurity, neonatal sepsis, or a
transfer to the neonatal intensive care unit (NICU). Each infant received one point for every
medical complication they have experienced, and a sum score was created that ranged from 0 (no
medical complications) to 8 (every medical complication endorsed).
Psychosocial. The psychosocial risk domain included the amount of parenting stress and
depression experienced by the caregiver as well as the number of stressful life events
experienced by the child. Information regarding parenting stress was gathered from the total
stress percentile rating on the Parenting Stress Index-4-Short Form at 6 months (PSI-4-SF;
Abidin, 2012). Maternal depression was measured via self-report by using the caregiver’s
depression scale scores on the Brief Symptom Inventory (BSI) at 9 months (Derogatis &
Melisaratos, 1983). Both the PSI and BSI were included in the larger study to examine caregiver
pathology as an important contextual factor that may contribute to a child’s developmental
outcomes. The 6-month and 9-month periods, respectively, were chosen based on a balance
between minimizing caregiver burden and the availability of instruments to assess the constructs
of interest. Therefore, these time periods were chosen to examine these risk factors for the
current study because they align with when these constructs were assessed for the larger study.
Number of stressful life events experienced by the child was obtained from the PediaTrac™
general medical domain. At each time period, caregivers were asked to indicate how many of the
following events have happened in their immediate family since their previous time period:
illness, break up or divorce, death, loss of job, loss of wages, change in living location,
incarceration, alcohol or drug problem, violence between adults in the home, and primary
caregiver returned to work. Caregiver’s responses to this item from the newborn through 9-
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month periods were summed to create a variable that indicates the number of stressful life events
experienced by a child. Scores on this summed variable could range from 0 (no stressful life
events endorsed) to 50 (all stressful life events endorsed at every time period); however, the true
range of scores for this variable was much smaller since each family did not experience every
event multiple times.
Demographic. Information for the demographic risk domain was obtained from the
PediaTrac™ demographic domain and included household income, maternal education, and
marital status. Household income was characterized relative to the U.S. Department of Health
and Human Services Poverty Guidelines (2019) and median household income in Michigan,
where much of our data was collected. Both household income and number of people in the
home were utilized to place dyads in a specific category. Dyads were placed into one of five
household income categories: below poverty, below median, at/above median, at/above twice
median, above $150,000. Based on the mother’s highest level of education, four categories were
created: some/completed high school, some college/trade school, college graduate, postgraduate/professional. Marital status was dichotomously coded and indicated whether a caregiver
was married or not married.
Overall Cumulative Risk Index
The overall cumulative risk index was calculated by dichotomizing each risk factor (0 =
low risk, 1 = high risk) based on standardized normed cutoffs, prior research, or the distributional
properties of our sample. The method and justification for dichotomizing each risk factor is
summarized in Table 2. The scores were then summed within each domain to create three
domain-specific risk scores that each range from 0 (no risk) to 3 (all risk factors endorsed).
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Finally, the scores of each domain were summed to create an overall cumulative risk index that
ranges from 0 (no risk) to 9 (all risk factors endorsed).
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Table 2.
Risk Factors Included in the Domain-Specific and Overall Cumulative Risk Indices
Risk factor

Low risk = 0

High Risk = 1

Justification

- Gestational Age

≥ 37 weeks

< 37 weeks

Cutoff identified by the
PediaTrac™ project

- Negative
Affectivity (IBQ-R)

< 1 SD above mean

≥ 1 SD above mean

Above normal or
average levels

- Postnatal Medical
Complications

<1

≥1

Established risk factor

- Maternal
Depression (BSI)a

T-score < 63

T-score ≥ 63

Normed cutoff

- Stressful Life
Eventsb

< 4 events

≥ 4 events

Established risk factor

- Parenting Stress
(PSI-4-SF)c

< 1 SD above mean
on the total stress
scale

≥ 1 SD above mean
on the total stress
scale

Above normal or
average levels

- Household Incomed Above poverty line

At or below poverty
line

Established risk factor

- Maternal
Educatione

At least high school
diploma or
equivalent

No high school
diploma or
equivalent

Established risk factor

- Marital Statusf

Married

Not married

Established risk factor

Biological

Psychosocial

Demographic

Note. IBQ-R = Infant Behavior Questionnaire - Revised; PSI-4-SF = Parenting Stress Index-4Short Form; BSI = Brief Symptom Inventory
a
(Kerper et al., 2014; Lang et al., 2009)
b
(Felitti et al., 1998)
c
(Abidin, 2012)
d
(Evans et al., 2007)
e
(Corapci, 2008; Lima et al., 2010; Pungello et al., 2010; Trentacosta et al., 2008)
f
(Corapci, 2008; Josie et al., 2008; Lima et al., 2010)
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Statistical Analysis
Preliminary Analyses
All statistical analyses were conducted using R (R Core Team, 2020). Prior to the main
analyses, descriptive statistics (frequencies, ranges, M, SD, skew, and kurtosis) were computed
for the following variables of interest: infant sex, overall cumulative risk index, domain-specific
cumulative risk indices, each indicator within the cumulative risk indices, sleep efficiency and
consolidation at 9 and 12 months, BITSEA Total Problem Scale at 9 and 12 months, and
PediaTrac™ SCG composite at 9 and 12 months. Parametric methods (t-tests or ANOVAs) were
computed as needed as part of the preliminary analyses. All significance testing was done using a
p-value of .05. Effect sizes (e.g., Cohen’s d) were also examined.
Exploratory analyses were conducted to ensure that the following assumptions of
correlation and regression were met: independence of residuals (Durbin-Watson), normality of
model residuals (histogram, skew, kurtosis), homoscedasticity (fitted values vs. residuals plot),
linearity (scatterplots), and multicollinearity (Pearson r correlations).
Sensitivity Analysis
Rather than a traditional power analysis, which calculates necessary sample size based on
proposed power and effect size, a sensitivity analysis was conducted for the current study.
Because the data for this investigation was collected as part of a larger study, sample size was
unable to be manipulated; therefore, a sensitivity analysis was more applicable, as it uses sample
size and power to calculate the minimum effect size that can be detected. G*Power was used to
perform an a priori sensitivity analysis for linear multiple regression examining the effect of
cumulative risk and infant sleep on infant social-emotional functioning (Faul et al., 2007). With
our proposed sample size of 325 and 80% power, this analysis indicated that we were reliably
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able to detect a small effect size of 0.04 or higher [λ = 13.05, F(5, 319) = 2.24]. This was a twotailed analysis with an alpha of .05. To examine the range of effect sizes this study could
possibly detect, another a priori sensitivity analysis was conducted using nearly the same
parameters, with the exception of increasing the level of power to 95%. This second analysis
indicated that, with 95% power, this study was reliably able to detect a small effect size of 0.06
or higher (N = 325, λ = 20.13, F = 2.24, df = 5, 319). With our projected sample size of 325,
these sensitivity analyses suggest that we were reliably able to detect a small effect size, as
defined by Cohen (1992).
Main Analyses
The goal of Specific Aim 1 was to characterize sleep efficiency, sleep consolidation,
development of social-emotional functioning, and cumulative risk in a sample of 325 infants.


Hypothesis 1: Sleep efficiency will improve with increasing age from 9 months to 12
months.
To test Hypothesis 1, a paired-samples t-test was conducted to examine differences

between sleep efficiency at 9 months and sleep efficiency at 12 months.


Hypothesis 2: Sleep consolidation will increase with increasing age from 9 months to 12
months.
To test Hypothesis 2, a paired-samples t-test was conducted to examine differences

between sleep consolidation at 9 months and sleep consolidation at 12 months.


Hypothesis 3: We expect evidence of developmental gain in social-emotional abilities
between 9 months and 12 months.
To test Hypothesis 3, a paired-samples t-test was conducted to examine differences

between SCG POMP scores at 9 months and SCG POMP scores at 12 months.
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Hypothesis 4: Cumulative risk scores will differ by recruitment site.
To test Hypothesis 4, a two-sample t-test was conducted to examine differences in

cumulative risk scores for participants from the different recruitment sites. This t-test compared
participants at UM with participants from UH and EMU. UH and EMU were combined in this
analysis for two main reasons: (a) UH (n = 118) and UM (n = 172) each have over 3 times the
number of participants compared to EMU (n = 35), so the sample size differences that would
result from comparing each of the three sites would lead to a concern in computing reliable
standard errors; (b) participants from UH and EMU have been shown to have similar
demographic characteristics (see Table 3).
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Table 3.
Comparison of Demographic Characteristics Between UH and EMU
UH
(n = 118)

EMU
(n = 35)

Statistic
p
Infant Sex
= .57
𝜒 = 0.33
% Female
44.07
51.43
Infant Ethnicity
= .13
𝜒 = 2.26
% Spanish/Hispanic/Latino
9.32
0.00
Infant Race
= .16
𝜒 = 5.15
% Black or African American
36.17
42.86
% White
28.81
37.14
% Multiracial
9.32
20.00
% Other
2.54
0.00
Maternal Ethnicity
= .39
𝜒 = 0.75
% Spanish/Hispanic/Latino
5.08
0.00
Maternal Race
= .46
𝜒 = 2.61
% Black or African American
55.08
45.71
% White
33.05
45.71
% Multiracial
6.78
8.57
% Other
2.54
0.00
Income [M(SD)]a
0.97 (1.18)
1.06 (1.26)
t = 0.35
= .73
b
Maternal Education [M(SD)]
3.31 (1.75)
3.94 (1.73)
t = 1.88
= .06
Marital Status
= .64
𝜒 = 0.21
% Married
33.90
40.00
% Not Married
66.10
60.00
Note. Chi-square approximations should be interpreted cautiously due to some small cell sizes.
a
Income was measured on a scale from 1-5 (1 = Below poverty; 2 = Below median; 3 =
At/Above median; 4 = Above twice median; 5 = Above $150,000).
b
Maternal education was measured on a scale from 1-7 (1 = Some high school; 2 = High school
graduate; 3 = Some college; 4 = Trade/Technical/Vocational Training; 5 = College graduate; 6 =
Some postgraduate; 7 = Postgraduate or professional degree).
The goal of Specific Aim 2 was to examine the relationship between cumulative risk in
infancy and sleep and social-emotional functioning at 9 and 12 months in a sample of 325
infants. The relationship between sleep and social-emotional functioning was examined
concurrently at both 9 and 12 months as well as longitudinally between these two time points.


Hypothesis 5: Children with greater cumulative risk will obtain higher scores on the
BITSEA Total Problem Scale and lower SCG POMP scores.
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To test Hypothesis 5, Pearson r correlations were calculated to examine the relationship
between the overall cumulative risk index, BITSEA Total Problem Scale at 9 and 12 months, and
PediaTrac™ SCG POMP scores at 9 and 12 months.


Hypothesis 6: Children with greater cumulative risk will experience lower sleep
efficiency and sleep consolidation.
To test Hypothesis 6, Pearson r correlations were calculated to examine the relationship

between the overall cumulative risk index and sleep efficiency and sleep consolidation scores
obtained from both PediaTrac™ and the BISQ at 9 and 12 months.


Hypothesis 7: Sleep efficiency and sleep consolidation will be significantly associated
with social-emotional functioning when examined cross-sectionally. Children with lower
sleep efficiency and sleep consolidation at 9 months will obtain higher scores on the
BITSEA Total Problem Scale and lower SCG POMP scores at 9 months. The same
relationship is hypothesized at 12 months.
To test Hypothesis 7, Pearson r correlations were calculated to examine the relationship

between the following variables at 9 months of age: sleep efficiency scores obtained from the
BISQ, sleep consolidation scores obtained from the BISQ, BITSEA Total Problem Scale score,
and PediaTrac™ SCG POMP score. Pearson r correlations were also calculated to examine the
relationship between the same four variables at 12 months of age, as well as sleep efficiency and
sleep consolidation obtained from PediaTrac™.


Hypothesis 8: Sleep efficiency and sleep consolidation will be longitudinally associated
with social-emotional functioning. Children with lower sleep efficiency and sleep
consolidation at 9 months will obtain higher scores on the BITSEA Total Problem Scale
and lower SCG POMP scores at 12 months.
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To test Hypothesis 8, Pearson r correlations were calculated to examine the relationship
between sleep efficiency scores obtained from the BISQ at 9 months, sleep consolidation scores
obtained from the BISQ at 9 months, sleep efficiency scores obtained from PediaTrac™ at 9
months, sleep consolidation scores obtained from PediaTrac™ at 9 months, BITSEA Total
Problem Scale scores at 12 months, and PediaTrac™ SCG POMP scores at 12 months.
The goal of Specific Aim 3 was to examine the longitudinal effects of sleep on the
relationship between cumulative risk and social-emotional functioning.


Hypothesis 9: Sleep will act as a moderator in this relationship. Sleep will have a larger
effect on social-emotional functioning for children with higher cumulative risk. Both
sleep efficiency and sleep consolidation will be examined as potential moderators.
To test Hypothesis 9, moderation analyses were conducted to examine the proposed

moderation. Analyses were conducted separately for the two social-emotional functioning
outcome measures (BITSEA Total Problem Scale scores and SCG POMP scores) as well as for
the two sleep measures (sleep efficiency and sleep consolidation from the BISQ and
PediaTrac™). Predictors (sleep efficiency, sleep consolidation, and cumulative risk) were mean
centered before the creation of interaction terms and inclusion in the models. Three paths were
examined as contributing to the outcome of social-emotional development at 12 months: the
impact of cumulative risk exposure as a predictor (Path a), the impact of sleep efficiency and
sleep consolidation at 9 months as a moderator (Path b), and the interaction of these two
variables (Path c). While the main effects of cumulative risk and sleep efficiency and sleep
consolidation were examined, the interaction was the main pathway of interest as it showed
whether or not the moderation hypothesis was supported (Baron & Kenny, 1986). In these
multiple regression analyses, the predictors of cumulative risk and sleep efficiency/sleep
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consolidation were added in Step 1. The interaction term (cumulative risk * sleep
efficiency/sleep consolidation) was added in Step 2. A model comparison test was then
conducted to determine which model was the best fit to the data. If including the interaction term
led to a better fitting model, this was considered evidence of a statistically significant
moderation.
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Results
Missing Data
To examine the mechanism of missing data in the current sample, the process described
in Jamshidian et al. (2014) was utilized. A Hawkins test and follow-up nonparametric test
suggested the presence of non-normality in the data but no heteroscedasticity, indicating that
there was no evidence to suggest these data are not missing completely at random. Therefore,
missing data for each variable within the cumulative risk index were handled using the mice
package in R to conduct multiple imputation (van Buuren & Groothuis-Oudshoorn, 2011). This
process creates a full data set by imputing plausible values for each piece of missing data and
combining these estimates to provide a value where one was previously missing. For the current
study, this procedure was conducted using 20 imputations of five data sets (van Buuren &
Groothuis-Oudshoorn, 2011). Multiple imputation was used for negative affectivity, maternal
depression, parenting stress, income, maternal education, and variables measuring stressful life
events at each time period (NB, 2 months, 4 months, 6 months, and 9 months). Gestational age,
postnatal medical complications, and marital status did not have any missing data, so multiple
imputation was not necessary. Prior to multiple imputation, the number of missing observations
were as follows: 196 participants were not missing any data, 66 participants were missing data
on one variable, 30 participants were missing data on two variables, 13 participants were missing
data on three variables, 15 participants were missing data on four variables, four participants
were missing data on five variables, and one participant was missing data on six variables.
Participant Demographic Information
Demographic characteristics of the current sample (N = 325 caregiver/infant dyads) are
presented in Table 4. About half of all participating infants were female (46%). Site comparisons
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revealed no differences in infant sex at UM compared to EMU/UH (p = .90). The majority of
infants were identified as non-Hispanic (93%) and White (55%), with the remaining children
identified as Black (29%), multiracial (12%), and other (3%). Similarly, mothers identified as
mostly non-Hispanic (95%) and White (61%), with 29% of the sample identifying as Black, 6%
as multiracial, and 4% as other. Site comparisons were significant, indicating that significantly
more mothers and infants at UM identified as White, while significantly more mothers and
infants at EMU/UH identified as Black (p < .001). Of the total sample, 134 were caregiver/infant
dyads in which the baby was categorized as preterm (gestational age: M = 32.84 weeks, SD =
2.95), while babies were characterized as term in 191 caregiver/infant dyads (gestational age: M
= 39.16 weeks, SD = 1.17). Analyses indicated no statistically significant site difference in
gestational age (p = .88).
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Table 4.
Demographic Characteristics of the Sample by Site
Overall
Sample
(N = 325)

UM
(N = 172)

EMU/UH
(N = 153)

Statistic
𝜒 = 0.02

Effect
Size
V = 0.007

Infant Sex
% Female
46.46
47.09
45.75
Infant Ethnicity
V = 0.00
𝜒 = 0.00
% Spanish/Hispanic/Latino
7.08
6.98
7.19
Infant Race (n = 322)
𝜒 = 97.08*** V = 0.55
% Black or African American
28.92
6.40
54.25
% White
55.38
77.33
30.72
% Multiracial
11.69
11.63
11.76
% Other
3.08
4.07
1.96
Maternal Ethnicity
V = 0.02
𝜒 = 0.09
% Spanish/Hispanic/Latino
4.62
5.23
3.92
Maternal Race (n = 322)
𝜒 = 92.71*** V = 0.54
% Black or African American
28.62
6.98
52.94
% White
60.92
83.14
35.95
% Multiracial
5.85
4.65
7.19
% Other
3.69
5.23
1.96
Note. Chi-square tests represent the comparison of demographic characteristics between UM and EMU/UH.
* p < .05. **p < .01. *** p < .001.
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Cumulative Risk Descriptive Statistics
Table 5 presents descriptive information from the current sample regarding each risk
variable that factored into the cumulative risk index. Additionally, Table 6 provides information
about the percentage of caregiver/infant dyads characterized as high and low risk for each risk
factor. Within the biological risk domain, analyses examined gestational age, negative
affectivity, and postnatal medical complications. In the current sample, 41% infants were born
prior to 37 weeks gestation (dichotomized to high risk), and 59% had a gestational age of 37
weeks or more (dichotomized to low risk). On average, infants obtained negative affectivity
scores of 3.65 (SD = 0.70) on the IBQ (17% dichotomized to high risk, 83% dichotomized to low
risk). The majority of infants did not experience any postnatal medical complications; 34% were
dichotomized to high risk, and 66% were dichotomized to low risk (M = 0.41, SD = 0.66).
Maternal depression, parenting stress, and number of stressful life events were included
within the psychosocial risk domain. Mothers reported scores on the BSI indicating that, on
average, they experienced a level of depression similar to the mean of the normative sample (Tscore, M = 49.69, SD = 8.46). The majority of mothers (93%) received depression T-scores less
than 63 (dichotomized to low risk), while 7% received T-scores at or above 63 (dichotomized to
high risk). On average, mothers reported a level of total parenting stress at about the 28 th
percentile, though the range of scores within the sample was wide (SD = 22.15). Approximately
18% of mothers obtained a score that was greater than or equal to one standard deviation above
the mean of our sample, dichotomizing them to the high-risk group. The remaining 82% were
dichotomized to the low-risk group. By the time they were 9 months old, infants had experienced
on average two stressful life events. About 15% of the sample experienced four or more stressful
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life events (dichotomized to high risk), while approximately 85% experienced fewer than four
(dichotomized to low risk).
Within the demographic risk domain, household income, maternal education, and marital
status were considered. About 43% of families reported relatively low income, with
approximately 29% of them living below the poverty line and approximately 14% earning less
than the median household income. Approximately 57% of families reported earning at or above
median household income, with 16% of those families earning above $150,000 per year. Based
on this reported income, 29% of dyads were dichotomized to high risk while 71% were
dichotomized to low risk. About half (56%) of participating mothers reported receiving a
college, post-graduate, or professional degree, while 25% reported attending only some college
or receiving trade or vocational training. In the current sample, 15% of mothers reported that
their highest level of education was graduating high school, and 4% of mothers attended only
some high school (4% dichotomized to high risk, 96% dichotomized to low risk). Of the enrolled
caregivers in this sample, about 61% were married (dichotomized to low risk), and 39% were not
married (dichotomized to high risk).
To understand the differences in each risk factor between caregiver/infant dyads at UM
compared to EMU/UH, site differences were examined using chi-square and t-tests. As indicated
in Table 5, site differences were observed in negative affectivity (p < .01), income (p < .001),
maternal education (p < .001), and marital status (p < .001). Participants at UM reported lower
negative affectivity, higher household income, and more maternal education. Participants at UM
were also more likely to be married. Sites did not differ on gestational age (p = .88), number of
postnatal medical complications (p = .08), maternal depression (p = .12), parenting stress (p =
.86), or number of stressful life events (p = .13).
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Table 5.
Risk Factor Descriptive Statistics by Site

Biological Risk Variables
Weeks Gestation [M(SD)]
Negative Affectivity (IBQ)
[M(SD)]
Postnatal Medical
Complications [M(SD)]
Psychosocial Risk Variables
Maternal Depression (BSI)
[M(SD)] a
Parenting Stress (PSI) [M(SD)] b
Stressful Life Events [M(SD)]
Demographic Risk Variables
Income
% Below Poverty
% Below Median
% At/Above Median
% Above Twice Median
% Above $150,000
Maternal Education
% Some High School
% High School Graduate
% Some College
%
Trade/Technical/Vocational
Training

Overall
Sample
(N = 325)

UM
(N = 172)

EMU/UH
(N = 153)

Statistic

Effect
Size

36.55 (3.76)
3.56 (0.70)

36.52 (4.06)
3.47 (0.70)

36.59 (3.40)
3.67 (0.69)

t = -0.16
t = -2.65**

d = 0.02
d = 0.30

0.41 (0.66)

0.47 (0.70)

0.34 (0.60)

t = 1.73

d = 0.19

49.69 (8.46)

50.37 (8.54)

48.92 (8.33)

t = 1.54

d = 0.17

27.86 (22.15)

28.06 (21.40)

t = 0.18

d = 0.02

2.04 (2.79)

1.81 (2.46)

27.62
(23.03)
2.29 (3.10)

t = -1.53

d = 0.18

t = 11.21***

d = 1.25

28.62
13.54
23.08
19.08
15.69

8.72
12.21
24.42
28.49
26.16

50.98
15.03
21.59
8.50
3.92
t = 10.54***

d = 1.19

4.00
15.08
21.85
3.38

1.16
1.74
16.86
1.23

7.19
30.07
27.45
4.58
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Table 5 Continued

% College Graduate
% Some Post-Graduate
% Post-Graduate or
Professional
Degree
Marital Status

Overall
Sample
(N = 325)
24.92
2.15
28.62

UM
(N = 172)
31.98
1.16
44.77

EMU/UH
(N = 153)
16.99
3.03
10.46

Statistic

𝜒 =
77.74***

Effect
Size

V = 0.49

% Married
60.92
83.73
35.29
% Not Married
39.08
16.28
64.71
Note. IBQ-R = Infant Behavior Questionnaire - Revised; BSI = Brief Symptom Inventory; PSI-4-SF = Parenting Stress Index-4-Short
Form.
a
Maternal depression was measured as a T-score, M = 50, SD = 10.
b
Parenting stress was measured as a percentile, M = 50.
* p < .05. **p < .01. *** p < .001.
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Table 6.
Distribution of Domain-Specific and Overall Cumulative Risk in the Full Sample
Risk factor

% Low risk = 0 % High Risk = 1

Biological
- Gestational Age

58.78

41.23

- Negative Affectivity (IBQ-R)

82.77

17.23

- Postnatal Medical Complications

66.15

33.85

- Maternal Depression (BSI)

92.62

7.38

- Stressful Life Events

84.92

15.08

- Parenting Stress (PSI-4-SF)

82.15

17.85

- Household Income

71.38

28.62

- Maternal Education

96.00

4.00

- Marital Status

60.92

39.07

Psychosocial

Demographic

Note. IBQ-R = Infant Behavior Questionnaire - Revised; BSI = Brief Symptom Inventory; PSI4-SF = Parenting Stress Index-4-Short Form
Results of Main Analyses
Descriptive statistics for the outcome variables of interest (sleep efficiency, sleep
consolidation, BITSEA problem scores, and SCG POMP scores) are provided in Table 7.
Correlations between all study variables of interest are presented in Table 8.
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Table 7.
Descriptive Statistics for Sleep and Social-Emotional Variables [M(SD)]
Overall Sample
(N = 325)

UM (N = 172)
EMU/UH (N = 153)
Sleep Efficiencya
BISQ 9 months
n = 258 93.03 (8.16) n = 148 94.35 (5.75)** n = 110 91.25 (10.33)**
PediaTrac™ Sleep 9
n = 306 97.34 (3.10) n = 165
97.62 (1.94)
n = 141
97.02 (4.04)
months
PediaTrac™ Sleep 12
n = 315 97.75 (2.57) n = 167
97.96 (1.95)
n = 148
97.52 (3.12)
months
Sleep Consolidationb
BISQ 9 months
n = 260 77.71 (8.87) n = 149 79.62 (7.16)*** n = 111 75.15 (10.23)***
PediaTrac™ Sleep 9
n = 311 76.30 (10.17) n = 166
76.62 (10.15)
n = 145
75.94 (10.22)
months
PediaTrac™ Sleep 12
n = 325 79.02 (9.44) n = 172
79.68 (8.48)
n = 153
78.27 (10.38)
months
Social-Emotional Abilities
PediaTrac™ SCG 9
n = 313 0.68 (0.08)
n = 168
0.67 (0.07)
n = 145
0.69 (0.09)
c
months
BITSEA 12 months
n = 182 7.45 (4.88)
n = 112
6.95 (4.62)
n = 70
8.26 (5.19)
PediaTrac™ SCG 12
n = 325 0.76 (0.09)
n = 172
0.76 (0.08)
n = 153
0.77 (0.09)
c
months
Note. BISQ = Brief Infant Sleep Questionnaire – Expanded Version. BITSEA = Brief Infant-Toddler Social-Emotional Assessment.
SCG = Social/Communication/Cognition Domain. The BITSEA was not administered at 9 months, and the BISQ was not
administered
at 12 months. Asterisks indicate site differences: * p < .05. **p < .01. *** p < .001.
a
Sleep efficiency was calculated using the following equation: (total night sleep) / (total night sleep + sleep onset latency + total time
awake at night)
b
Sleep consolidation was calculated using the following equation: (total night sleep) / (total 24-hour sleep)
c
PediaTrac™ SCG scores are expressed as a proportion of maximum possible score, which can range from 0 to 1.
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Table 8.
Correlations for Variables of Interest
1
1. Cumulative Risk

2

3

4

5

6

7

8

9

10

–

2. Sleep Efficiency: BISQ 9 months

-.20**

–

3. Sleep Efficiency: PT 9 months

-.12*

.42***

–

4. Sleep Efficiency: PT 12 months

-.20***

.39***

.35***

–

5. Sleep consolidation: BISQ 9
months

-.14*

.31***

.20**

.08

–

6. Sleep consolidation: PT 9 months

-.08

.07

.07

-.02

.37***

–

7. Sleep consolidation: PT 12
months

-.01

.04

-.08

.04

.37***

.41***

–

8. PediaTrac™ SCG: 9 months

.08

-.01

.01

.02

-.02

.08

.01

–

9. PediaTrac™
SCG: 12 months

-.04

.07

.09

.12*

-.03

.07

-.06

.73***

–

10. BITSEA: 12 months

.30***

-.17*

-.03

-.19*

.02

.14

.16*

.14

-.02

Note. BISQ = Brief Infant Sleep Questionnaire – Expanded Version. SCG = Social/Communication/Cognition Domain. BITSEA =
Brief Infant-Toddler Social-Emotional Assessment.
* p < .05. **p < .01. *** p < .001.
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–

The goal of Specific Aim 1 was to characterize sleep efficiency, sleep consolidation,
development of social-emotional functioning, and cumulative risk in a sample of 325 infants.


Hypothesis 1: Sleep efficiency will improve with increasing age from 9 months to 12
months.
At 9 months, infants’ reported sleep efficiency ranged from 69% to 99%, with an average

sleep efficiency of 97.34%. Infant sleep efficiency at 12 months ranged from 81% to 99%, with
an average of 97.76%. A dependent sample t-test revealed that on average, there was a
significant increase in sleep efficiency from 9 months to 12 months, though this was a small
effect, t(297) = -2.19, p = .03, d = 0.25. This finding supports our hypothesis.


Hypothesis 2: Sleep consolidation will increase with increasing age from 9 months to 12
months.
At 9 months, infants’ average reported sleep consolidation was 76%, indicating that

three-fourths of their time spent asleep in a 24-hour period was at night. On average, infants’
reported sleep consolidation was 79% at 12 months of age, which represents a significant
increase when compared to 9 months, t(310) = -4.36, p < .001, d = .50. As expected, infants
appear to show developmental gains in sleep consolidation with increasing age, which supports
our hypothesis.


Hypothesis 3: We expect evidence of developmental gain in social-emotional abilities
between 9 months and 12 months.
To examine changes in social-emotional abilities between 9 and 12 months of age, a

dependent samples t-test was conducted using SCG POMP scores. Results indicated a significant
increase in scores from 9 months (M = 0.68, SD = 0.08) to 12 months (M = 0.76, SD = 0.09),

79

t(312) = -22.37, p < .001, d = 2.53. Consistent with our hypothesis, infants show developmental
gain in social-emotional abilities as they age.


Hypothesis 4: Cumulative risk scores will differ by recruitment site.
Due to demographic differences between sites (UM vs. EMU/UH), site differences were

also expected in the number of risk factors experienced by infants. This hypothesis was
supported. On average, infants at UM obtained lower cumulative risk scores (M = 1.49, SD =
1.41) compared to infants at EMU/UH (M = 2.66, SD = 1.51), t(312.46) = -7.16, p < .001, d =
0.81.
For Specific Aim 2, we examined the relationship between cumulative risk in infancy and
sleep and social-emotional functioning at 9 and 12 months in a sample of 325 infants. The
relationship between sleep and social-emotional functioning will be examined concurrently at
both 9 and 12 months as well as longitudinally between these two time points.


Hypothesis 5: Children with greater cumulative risk will obtain higher scores on the
BITSEA Total Problem Scale and lower SCG POMP scores.
This hypothesis was partially supported. Cumulative risk scores were associated with

BITSEA Total Problem Scale scores, but not SCG POMP scores. Infants who experienced more
cumulative risk were more likely to also experience higher levels of social-emotional problems
according to the BITSEA (r = .30, p < .001; see Figure 4). On the other hand, the level of
cumulative risk experienced by the infant was not significantly associated with their socialemotional abilities measured by SCG POMP scores (9 months: r = .08, p = .14, 12 months: r = .04, p = .44).
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Figure 4
Correlation Between Cumulative Risk and BITSEA Problem Scores at 12 Months



Hypothesis 6: Children with greater cumulative risk will experience lower sleep
efficiency and sleep consolidation.
In the current sample, higher cumulative risk scores were associated with lower levels of

sleep efficiency measured by the BISQ at 9 months (r = -.20, p = .002) and the PediaTrac™
sleep domain at 9 (r = -.12, p = .04) and 12 months (r = -.20, p < .001; see Figure 5). Similarly,
higher cumulative risk scores were associated with lower sleep consolidation at 9 months as
measured by the BISQ (r = -.14, p = .02; see Figure 5). However, sleep consolidation at 9 and 12
months measured by the PediaTrac™ sleep domain was not significantly associated with
cumulative risk scores (9 months: r = -.08, p = .18; 12 months: r = -.01, p = .82). It is important
to remember that the BISQ was not administered at the 12-month sampling period, so
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associations between cumulative risk and 12-month infant sleep could only be examined using
the PediaTrac™ sleep domain.
Figure 5
Correlations Between Cumulative Risk and Infant Sleep Variables



Hypothesis 7: Sleep efficiency and sleep consolidation will be significantly associated
with social-emotional functioning when examined cross-sectionally. Children with lower
sleep efficiency and sleep consolidation at 9 months will obtain higher scores on the
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BITSEA Total Problem Scale and lower SCG POMP scores at 9 months. The same
relationship is hypothesized at 12 months.
At 9 months, neither sleep efficiency nor sleep consolidation was significantly correlated
with SCG POMP scores (all p > .05). Contrary to expectations, children with more efficient and
consolidated sleep do not necessarily have better SCG POMP scores than children with lower
sleep efficiency and consolidation at 9 months. On the other hand, lower sleep efficiency at 12
months was associated with more social-emotional problems measured by the BITSEA (r = -.19,
p = .01) and lower SCG POMP scores (r = .12, p = .04; see Figure 6). This corresponds with the
hypothesized relationship between poorer sleep and poorer social-emotional and behavioral
development. However, the opposite relationship was observed with sleep consolidation, as
lower sleep consolidation at 12 months was associated with lower BITSEA problem scores (r =
.16, p = .04). Sleep consolidation at 12 months was not significantly associated with SCG POMP
scores at 12 months, which does not support the hypothesis (r = -.06, p = .25).
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Figure 6
Correlations Between Infant Sleep Efficiency and Measures of Social-Emotional Functioning at
12 Months



Hypothesis 8: Sleep efficiency and sleep consolidation will be longitudinally associated
with social-emotional functioning. Children with lower sleep efficiency and sleep
consolidation at 9 months will obtain higher scores on the BITSEA Total Problem scale
and lower SCG POMP scores at 12 months.
This hypothesis was only partially supported. When examining sleep efficiency at 9

months and social-emotional functioning at 12 months, the only significant association was
between sleep efficiency (not sleep consolidation) as measured by the BISQ and behavioral
problems as measured by the BITSEA (not typical development measured by SCG POMP
scores; r = -.17, p = .03). Infants who had lower sleep efficiency were more likely to have higher
BITSEA Total Problem scores. However, the same association was not found when sleep
efficiency at 9 months was measured by PediaTrac™, or when social-emotional functioning at
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12 months was examined with SCG POMP scores (all p > .05). Sleep consolidation at 9 months
was not associated with social-emotional functioning at 12 months (all p < .05; see Table 9).
Table 9.
Correlations Between Sleep at 9 Months and Social-Emotional Functioning at 12 Months

Specific Aim 3 looked to examine the longitudinal effects of sleep on the relationship
between cumulative risk and social-emotional functioning.


Hypothesis 9: Sleep will act as a moderator in this relationship. Sleep will have a larger
effect on social-emotional functioning for children with higher cumulative risk. Both
sleep efficiency and sleep consolidation will be examined as potential moderators.
This hypothesis was not supported. Neither sleep efficiency nor sleep consolidation

significantly moderated the relationship between cumulative risk and BITSEA problems scores
or between cumulative risk and SCG POMP scores (all p > .05). These results indicate that the
manner in which sleep at 9 months affects social-emotional and behavioral development at 12
months does not differ based on the number of risk factors experienced by the infant.
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In each completed moderation analysis examining the relationship between cumulative
risk and BITSEA problem scores, cumulative risk (p ≤ .002) and infant sex (p ≤ .031) were
significant predictors of social-emotional problems. In all analyses, infants who were male or
who had more cumulative risk had a higher number of reported social-emotional problems.
When examining BITSEA problem scores by sex, male infants (M = 8.34, SD = 5.39)
experienced more social-emotional problems on average than female infants (M = 6.39, SD =
3.96) as measured by the BITSEA, t(177.02) = -2.82, p = .005. Additionally, when examining
the role of PediaTrac™ sleep consolidation in the relationship between cumulative risk and
BITSEA problem scores, there was a main effect of PediaTrac™ sleep consolidation (p = .009).
This finding indicates that children whose sleep is more consolidated have more social-emotional
problems as measured by the BITSEA (see Table 10).
In each completed moderation analysis examining the relationship between cumulative
risk and SCG POMP scores, only infant sex was a significant predictor of typical socialemotional development (p = .002). Male infants (M = 0.75, SD = 0.09) obtained lower SCG
POMP scores than their female counterparts (M = 0.78, SD = 0.08), t(323) = 3.70, p < .001 (see
Table 11).
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Table 10.
Regression Models Exploring Infant Sleep as a Moderator in the Relationship Between Cumulative Risk and BITSEA
Model 1

Model 2

Estimates

𝛽

CI

p

Estimates

𝛽

CI

p

Intercept

6.58

-0.18

[5.29 – 7.87]

<.001

6.59

-0.18

[5.29 – 7.88]

<.001

BISQ Sleep Efficiency:
9 Months

-0.08

-0.12

[-0.18 – 0.02]

.106

-0.08

-0.12

[-0.18 – 0.02]

.118

Cumulative Risk
Infant Sexa
Siteb

0.82
1.62
0.25

0.26
0.34
0.03

[0.32 – 1.32]
[0.19 – 3.06]
[-1.29 – 1.79]

.001
.027
.746

0.83
1.6
0.24

0.26
0.33
0.02

[0.32 – 1.35]
[0.15 – 3.05]
[-1.31 – 1.79]

.002
.031
.76

-0.01

-0.02

[-0.09 – 0.07]

.807

BISQ Sleep Efficiency *
Cumulative Risk
R2 / R2 adjusted
Intercept
PediaTrac™ Sleep
Efficiency: 9 Months
Cumulative Risk
Infant Sexa
Siteb
PediaTrac™ Sleep
Efficiency * Cumulative
Risk
R2 / R2 adjusted
Intercept

.135 / .113

.136 / .108

6.52

-0.18

[5.23 – 7.81]

<.001

6.52

-0.18

[5.22 – 7.81]

<.001

0

0

[-0.33 – 0.34]

.984

0

0

[-0.33 – 0.34]

.989

0.88
1.59
0.68

0.27
0.32
0.07

[0.40 – 1.37]
[0.18 – 3.01]
[-0.82 – 2.18]

<.001
.028
.373

0.87
1.61
0.68

0.27
0.33
0.07

[0.36 – 1.37]
[0.18 – 3.03]
[-0.82 – 2.19]

.001
.027
.371

0.03

0.02

[-0.22 – 0.28]

.809

.123 / .103

.124 / .098

6.36

-0.2

[5.05 – 7.67]

<.001

6.2

-0.21

[4.88 – 7.52]

<.001

Estimates

𝛽

CI

p

Estimates

𝛽

CI

p

Table 10 Continued
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BISQ Sleep
0.04
Consolidation: 9 Months
Cumulative Risk
0.85
a
Infant Sex
1.76
b
Site
0.51
BISQ Sleep
Consolidation *
Cumulative Risk
R2 / R2 adjusted
.122 / .099

0.07

[-0.05 – 0.12]

.389

0.05

0.11

[-0.04 – 0.14]

.261

0.26
0.37
0.05

[0.35 – 1.35]
[0.31 – 3.20]
[-1.04 – 2.07]

.001
.018
.517

0.94
1.82
0.75

0.28
0.38
0.08

[0.43 – 1.46]
[0.38 – 3.26]
[-0.83 – 2.33]

<.001
.014
.349

-0.05

-0.12

[-0.11 – 0.01]

.126

.135 / .107

Intercept

6.02

-0.23

[4.79 – 7.25]

<.001

6.01

-0.23

[4.77 – 7.24]

<.001

PediaTrac™ Sleep
Consolidation: 9 Months

0.09

0.19

[0.02 – 0.16]

.008

0.09

0.19

[0.02 – 0.16]

.009

Cumulative Risk

0.8

0.24

[0.31 – 1.28]

.001

0.81

0.25

[0.31 – 1.31]

.002

Infant Sexa
Siteb

2.03
0.92

0.42
0.09

[0.66 – 3.41]
[-0.54 – 2.38]

.004
.216

2.04
0.94

0.42
0.1

[0.66 – 3.42]
[-0.53 – 2.41]

.004
.209

-0.01

-0.02

[-0.05 – 0.04]

.79

PediaTrac™ Sleep
Consolidation *
Cumulative Risk

R2 / R2 adjusted
.147 / .128
.148 / .123
Note. BITSEA = Brief Infant-Toddler Social-Emotional Assessment. BISQ = Brief Infant Sleep Questionnaire. CI =
Confidence Interval. 𝛽 = standardized regression coefficient.
a
Infant sex is coded as 0 = female, 1 = male.
b
Site is coded as 0 = UM, 1 = EMU/UH.
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Table 11.
Regression Models Exploring Infant Sleep as a Moderator in the Relationship Between Cumulative Risk and SCG

Estimates
Intercept

Model 1
𝛽
CI

p

Estimates

Model 2
𝛽
CI

p

0.78

0.22

[0.76 – 0.80]

<.001

0.77

0.21

[0.75 – 0.79]

<.001

BISQ Sleep Efficiency:
9 Months

0

0.04

[-0.00 – 0.00]

.494

0

0.07

[-0.00 – 0.00]

.354

Cumulative Risk

0

-0.02

[-0.01 – 0.01]

.795

0

-0.02

[-0.01 – 0.01]

.76

-0.39 [-0.06 – -0.01]
0.05 [-0.01 – 0.03]

.002
.463

-0.03
0.01

-0.39 [-0.06 – -0.01]
0.05 [-0.01 – 0.03]

.002
.435

-0.05

[-0.00 – 0.00]

.441

Infant Sexa
Siteb
BISQ Sleep Efficiency
* Cumulative Risk
R2 / R2 adjusted
Intercept
PediaTrac™ Sleep
Efficiency: 9 Months
Cumulative Risk
Infant Sexa
Siteb
PediaTrac™ Sleep
Efficiency *
Cumulative Risk
R2 / R2 adjusted
Intercept
Table 11 Continued

-0.04
0.01

0
.043 / .028

.045 / .026

0.77

0.19

[0.75 – 0.79]

<.001

0.77

0.19

[0.75 – 0.79]

<.001

0

0.08

[-0.00 – 0.01]

.184

0

0.1

[-0.00 – 0.01]

.126

-0.08 [-0.01 – 0.00]
-0.35 [-0.05 – -0.01]
0.08 [-0.01 – 0.04]

.186
.002
.18

0
-0.03
0.01

-0.08 [-0.01 – 0.00]
-0.36 [-0.05 – -0.01]
0.08 [-0.01 – 0.04]

.188
.002
.183

-0.04

[-0.00 – 0.00]

.444

0
-0.03
0.01

0
.047 / .035

.049 / .033

0.78

0.22

[0.76 – 0.80]

<.001

0.78

0.21

[0.76 – 0.80]

<.001

Estimates

𝛽

CI

p

Estimates

𝛽

CI

p
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BISQ Sleep
Consolidation: 9
Months
Cumulative Risk
Infant Sexa
b

Site
BISQ Sleep
Consolidation *
Cumulative Risk
R2 / R2 adjusted
Intercept
PediaTrac™ Sleep
Consolidation: 9
Months
Cumulative Risk
Infant Sexa
Siteb

0

-0.05

[-0.00 – 0.00]

.418

0

-0.04

[-0.00 – 0.00]

.548

0

-0.04

[-0.01 – 0.01]

.505

0

-0.04

[-0.01 – 0.01]

.552

-0.39 [-0.06 – -0.01]

.002

-0.03

-0.39 [-0.06 – -0.01]

.002

0.03

.688

0.01

0.03

[-0.02 – 0.03]

.645

0

-0.03

[-0.00 – 0.00]

.639

-0.04
0

[-0.02 – 0.03]

.040 / .025

.041 / .022

0.77

0.19

[0.76 – 0.79]

<.001

0.77

0.19

[0.76 – 0.79]

<.001

0

0.04

[-0.00 – 0.00]

.502

0

0.04

[-0.00 – 0.00]

.499

-0.06 [-0.01 – 0.00]
-0.36 [-0.05 – -0.01]
0.07 [-0.01 – 0.03]

.289
.002
.277

0
-0.03
0.01

-0.06 [-0.01 – 0.00]
-0.35 [-0.05 – -0.01]
0.07 [-0.01 – 0.03]

.291
.002
.264

-0.02

.657

0
-0.03
0.01

PediaTrac™ Sleep
Consolidation *
Cumulative Risk

0

[-0.00 – 0.00]

R2 / R2 adjusted
.041 / .028
.041 / .026
Note. SCG POMP = Social/Communication/Cognition Proportion of Maximum. BISQ = Brief Infant Sleep Questionnaire.
CI = Confidence Interval. 𝛽 = standardized regression coefficient.
a
Infant sex is coded as 0 = female, 1 = male.
b
Site is coded as 0 = UM, 1 = EMU/UH.
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Discussion
Social-emotional problems that present in childhood often persist over time and predict
continued emotional and behavioral difficulties as an individual develops. Due to the longlasting nature and pervasiveness of these struggles, addressing social-emotional difficulties early
in life and understanding factors that place children at higher risk for these challenges is crucial.
To this end, the goal of the current study was to examine the effect of biological, psychosocial,
and demographic risk factors on the social-emotional functioning of infants within the first year
of life. Because it is inevitable that some children will experience one or more of these risk
factors, this study also aimed to examine sleep as a possible point of intervention to promote
healthy development despite adversity.
Developmental changes in sleep were observed from 9 months to 12 months, such that
sleep consolidation and sleep efficiency both improved with age. The current results replicate
prior findings, as improvements in sleep consolidation are expected as children develop.
Typically, children spend less time napping during the day as they get older, which results in
more of their 24-hour sleep period occurring at night and therefore higher sleep consolidation
(Teng, 2012; Tham et al., 2017). Additionally, typically developing children experience less
frequent signaled night wakings as they get older (Galland, 2011; Martins et al., 2018). We
expect their sleep efficiency to increase because they are spending less time awake during the
night, which corresponds with results from the current sample. Developmental gains in socialemotional abilities were also observed in the current sample, as infants’ SCG POMP scores
increased from 9 to 12 months. This replicates the findings of other researchers, who have found
that children show gains in social-emotional abilities (competence) with age (Briggs-Gowan,
1996; Briggs-Gowan et al., 2004). Though social-emotional problems were another construct of

91

interest, the current study did not provide a measure of these difficulties at both 9 and 12 months.
The BITSEA is not intended for children younger than 12 months, therefore precluding any
conclusions about whether social-emotional problems increase, decrease, or remain constant in
this stage of development. Future research may consider using another measure of socialemotional difficulties that is normed for younger infants in order to explore this question.
A variety of risk factors—including gestational age, temperamental negative affectivity,
postnatal medical complications, maternal depression, parenting stress, stressful life events,
household income, maternal education, and marital status—were also examined, and their
relationships to the development of sleep and social-emotional abilities were explored.
Participating infants reportedly experienced two risk factors on average, with some infants
experiencing as few as zero risk factors and some experiencing as many as seven. In general,
infants at EMU/UH experienced more risk factors than infants from UM. This site difference
was expected, as the communities of Ypsilanti and Cleveland (EMU/UH) experience more
demographic risk in terms of income, high school graduation rates, and ethnic/racial diversity
than the community of Ann Arbor (UM).
Infants who experienced higher levels of cumulative risk were more likely to have higher
BITSEA scores, which indicates more problem behaviors. This replicates findings from previous
research by Weitzman and colleagues (2014), which indicates that both increased demographic
and psychosocial risk lead to an increased risk of having clinically significant BITSEA problem
scores in children from 12 to 48 months. Similarly, Skovgaard and colleagues (2007) examined
the association between both biological and psychosocial risk factors and mental health concerns
in children 1.5 years of age. They found that higher levels of biological risk are associated with
more neurodevelopmental diagnoses, which are often associated with behavioral difficulties.
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Additionally, higher levels of psychosocial risk were associated directly with emotional and
behavioral concerns. The current analyses indicate that increased social-emotional problems in
children experiencing high levels of cumulative risk can be identified as early as 12 months in a
diverse sample of infants. This is especially notable, given that much research on this topic has
been done with older children (e.g., toddlers, preschoolers, school-aged children). Earlier
identification of difficulties may help encourage earlier intervention. Typical social-emotional
development in our sample, on the other hand, appears to be unrelated to an individual’s level of
cumulative risk. Our current sample appeared to exhibit some resilience in their development, as
social/communication/cognitive development continued in a typical manner for children
regardless of the number of risk factors they experienced. Based on these findings, it seems that
infants from all risk backgrounds are equally as likely to successfully develop social-emotional
skills; however, infants with more risk experience may exhibit increased problem behaviors in
addition to their general skills and milestones. The absence of association between cumulative
risk and typical social-emotional development may reflect a true null relationship. Conversely,
this association may not be identifiable within the first year of life but may become more
prominent as children age and social-emotional functioning becomes more complex. This
conjecture is supported by past research, which suggests that preschool and early school-aged
children with higher cumulative risk have poorer social-emotional competence, which is similar
to our measure of typical social-emotional development (Chang et al., 2012; Lengua et al., 2007;
Marti et al., 2016).
Cumulative risk was also found to affect infant sleep. As expected, infants with higher
levels of cumulative risk also had lower reported sleep efficiency, due to either increased sleep
onset latency or longer and/or more frequent night wakings. However, results including sleep
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consolidation were not as consistent. When measured by the BISQ, lower levels of sleep
consolidation were more likely in infants with higher levels of risk. Findings suggesting that
higher levels of cumulative risk are associated with poor sleep efficiency and consolidation are
consistent with results of other studies as well. For example, Williamson and colleagues (2019)
found that birth risk (in utero exposure and postnatal medical considerations), family risk,
parenting risk, and socioeconomic risk were all associated with problematic sleep trajectories
from infancy to middle childhood. Similarly, Williamson and Mindell (2020) reported that
higher levels of cumulative risk were associated with poor sleep habits and more difficulties with
insomnia and obstructive sleep apnea. Based on these findings, it is not surprising that higher
cumulative risk was associated with some aspects of poor sleep in our sample. However, the
same relationship was not observed when sleep consolidation was measured by the PediaTrac™
sleep domain; in this case, there was no association between risk and sleep consolidation. The
slight differences in response options given by the BISQ and PediaTrac™ sleep domain may
partially explain this discrepancy. When providing information about the amount of sleep
received by each infant, caregivers indicated the infant’s exact sleep time in hours and minutes
on the BISQ. On the other hand, PediaTrac™ asked caregivers to report their infant’s sleep by
choosing a range of time (“4 to 5 hours,” “5 to 6 hours,” etc.). Due to these different response
options, each infant would receive a slightly different sleep consolidation value based on the
measure from which data was being drawn. Based on our results, it appears that sleep
consolidation as measured by the BISQ is more sensitive in detecting a relationship with
cumulative risk. In future iterations of PediaTrac™, caregivers could indicate a singular response
option (“4 hours,” “5 hours,” etc.) in order to gather more nuanced information.
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When examining concurrent relationships between sleep and social-emotional and
behavioral development, results were inconsistent and depended heavily on the measurement
method for each construct. At 9 months of age, neither sleep consolidation nor sleep efficiency
were associated with an infant’s social-emotional and behavioral development. The absence of a
relationship at 9 months may indicate either that a relationship truly does not exist, or that it
cannot be observed until social-emotional functioning becomes more complex. At 12 months of
age, sleep efficiency had the expected association with social-emotional and behavioral
development; children with lower sleep efficiency experienced higher social-emotional problem
scores on the BITSEA and lower levels of typical social-emotional development based on SCG
POMP scores. This suggests that children who fall asleep faster and wake less, resulting in
higher sleep efficiency, tend to have more positive social-emotional and behavioral outcomes.
These results are in line with those from Belanger et al. (2018) and Sadeh et al. (2015) who
found that lower quality sleep was associated with more behavior problems. However, lower
sleep consolidation in our current sample at 12 months was also associated with lower socialemotional problem scores on the BITSEA, which is opposite of what was expected. Furthermore,
sleep consolidation at 12 months is not associated at all with typical social-emotional
development measured by SCG POMP scores. These results suggest that spending more time
asleep during the day may not negatively affect social-emotional functioning and may in fact
have positive impacts on social-emotional problems. This may reflect a true null relationship,
which could indicate that while some aspects of infant sleep are associated with social-emotional
development and behavioral problems, sleep consolidation is not. Perhaps what matters more is
that an infant receives an adequate amount of sleep, regardless of what time during the day they
obtain this sleep. For instance, an infant who obtains 3 hours of sleep during the day and 8 hours
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of sleep at night may have a lower sleep consolidation score, but if they fall asleep quickly at
night and sleep soundly for the full 8 hours, their sleep efficiency score is high. On the other
hand, another infant could be spending all 11 hours in bed at night (high sleep consolidation) but
spend many of those 11 hours awake and unable to fall asleep (low sleep efficiency). The infant
who receives a full 11 hours of sleep per 24-hour period may then have more positive socialemotional and behavioral outcomes than the infant who receives 11 hours of interrupted and
inefficient sleep at night.
Longitudinal relationships between sleep and social-emotional and behavioral
development also exhibited nuance based on the method of measurement for each construct.
When sleep efficiency was measured by the BISQ, poorer sleep efficiency at 9 months was
associated with more social-emotional problems on the BITSEA at 12 months. Again, difficulties
falling asleep and waking more often–factors that contribute to lower sleep efficiency–appear to
occur more often in children who later have more social-emotional problems. However, no
relationship was observed when sleep efficiency was measured by the PediaTrac™ sleep
domain. As mentioned earlier, this may be due to the measurement differences in the BISQ
versus the PediaTrac™ sleep domain, where caregivers were asked to indicate the exact amount
of time their child spent asleep or to choose from a range of time, respectively. Since the same
caregiver is completing both measures about the same infant, we would expect the results to be
the same if the response options were identical. Though sleep efficiency at 9 months appears to
contribute to social-emotional problems at 12 months, the same cannot be said for sleep
efficiency’s relationship with typical social-emotional development. Knowing a child’s sleep
efficiency at 9 months does not allow us to predict their social-emotional abilities at 12 months,
indicating that the development of typical abilities may be relatively resilient, even in the
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presence of poor sleep. Additionally, results indicate that neither measure of sleep consolidation
at 9 months is associated with either measure of social-emotional functioning at 12 months. This
result provides more support to the idea that spending more time asleep during the day does not
negatively impact typical social-emotional functioning.
Because some children will inevitably face risk and sleep appears to be a feasible target
for intervention, moderation analyses were conducted to examine whether better quality sleep
could lead to positive social-emotional and behavioral outcomes despite risk. Contrary to our
expectations, sleep did not moderate the relationship between cumulative risk and socialemotional and behavioral development. This suggests that sleep may not affect social-emotional
and behavioral development differently for infants with different risk backgrounds. As indicated
previously, better sleep efficiency at 9 months appears to be associated with lower socialemotional problems at 12 months. The absence of a moderation effect indicates that this is true
for all infants, not only for those with certain risk backgrounds. According to these results, good
quality sleep may not act as a protective factor or provide increased social-emotional benefits for
those with a high level of risk. Though this is the opposite of what was expected, this finding is
promising when considering interventions. It suggests that an intervention targeting sleep
efficiency could be equally beneficial and effective for all infants, not only those with certain
levels of risk.
Results from the moderation analyses highlight the importance of considering risk when
evaluating social-emotional problems in infants and developing treatment plans. Higher
cumulative risk scores were consistently associated with more social-emotional problems.
Though this association was identified previously using simple correlations, this finding affirms
that cumulative risk continues to be significantly associated with social-emotional problems,
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even after accounting for infant sleep, the infant sleep and cumulative risk interaction, infant sex,
and recruitment site. Some aspects of cumulative risk may be modifiable, thereby making them
possible targets for intervention to promote healthy social-emotional functioning without the
development of problem behaviors. In our current cumulative risk index, factors amenable to
intervention could include parenting stress, maternal depression, and, in some instances,
maternal education. Targeting these areas within the first year of life may have positive effects
on an infant’s social-emotional problems. Conversely, all other factors in our cumulative risk
index, such as gestational age and household income, are much less modifiable. Though it is not
feasible to intervene to change these factors, their possible effects must be considered during
assessment and treatment in an effort to understand an infant’s context.
A main effect of infant sleep on social-emotional functioning was observed only when
considering the association of infant sleep consolidation measured by PediaTrac™ and socialemotional problems measured by the BITSEA. This finding indicates that infants who have
higher levels of sleep consolidation also reportedly display more social-emotional problems.
However, this same result was not obtained when sleep consolidation was measured by the
BISQ. As previously indicated, this could be partially explained by measurement differences in
the PediaTrac™ sleep domain compared to the BISQ. In addition to this measurement concern,
the association between higher sleep consolidation and more social-emotional problems is the
opposite of what was expected. As a possible explanation, consider that children obtain more
consolidated sleep as they get older, therefore making consolidated sleep an indicator of more
advanced development (Teng, 2012; Tham et al., 2017). Children experiencing advanced sleep
development may also experience advanced motor development, which means they may be more
likely to walk by 12 months. When children begin walking and moving around their environment
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more independently, they may be perceived as displaying more problem behaviors as they
explore and get into things that they perhaps should not. This is one possibility, but further
research should examine motor development, specifically walking, along with sleep
consolidation and social-emotional problems to explore this prospect. Of course, we should also
consider that this was the only model in which sleep consolidation was a significant predictor.
Therefore, it is possible that the finding was due to type 1 error, and there is not actually an
association between sleep consolidation at 9 months and social-emotional problems at 12
months. Future research is needed to examine this relationship.
One unexpected finding emerged from the moderation analyses; in every instance, infant
sex was a significant predictor of social-emotional problems and typical social-emotional
development, even when taking cumulative risk and sleep into account. Male infants had more
reported social-emotional problems and lower reported levels of typical social-emotional
development when compared to female infants. Though we did not expect this finding to be so
prevalent, it is relatively consistent with other research exploring sex differences in socialemotional and behavioral problems and development. Some previous research indicates that boys
are more likely to have higher levels of social-emotional problems than girls from 30 to 60
months of age (Bayer et al., 2012; Squires et al., 2004). However, when attempting to extend this
finding to younger children, other research indicates that there are no sex differences in socialemotional problems within the first 2 years of life (Briggs-Gowan et al., 2006; Squires et al.,
2004). Though our findings suggest sex differences in social-emotional problems at 12 months of
age, the contradictory nature of prior research indicates that more study of this relationship is
warranted. Our measure of typical social-emotional development (SCG POMP scores) is similar
to other measures of social-emotional competence. Findings from previous research mirror the
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current finding that in general, boys may have lower social-emotional competence scores than
girls in children from 12 to 42 months of age (Briggs-Gowan, 1996; Briggs-Gowan et al., 2004;
Karabekiroglu et al., 2010). While the majority of children develop similar social-emotional
competencies, this research suggests that girls may develop them more quickly than boys of the
same age.
Though findings from the current study provide important information about the
relationship between risk, infant sleep, and social-emotional and behavioral development, they
must be interpreted in light of a few limitations. First, it must be noted that risk factors other than
those in our cumulative risk index may potentially impact infant social-emotional and behavioral
development. Data examining other considerations, such as a family’s insurance coverage or
access to healthcare, neighborhood safety, or parenting style, were not included in the larger data
set and therefore could not be examined in the current study. Future research could include
additional risk indicators to gain a more complete and nuanced understanding of factors that
influence infant social-emotional functioning.
When interpreting our findings, it is important to remember that all data regarding infant
sleep was gathered via caregiver self-report. Caregiver report is extremely valuable when
gathering information on infant sleep due to their extensive involvement in both bedtime and
wake up routines. However, it is possible that some infants wake at night without signaling their
caregivers, therefore leaving the caregiver unaware of the exact amount of sleep received by the
infant. Without knowing whether the infants in our sample experience time awake at night
without signaling their caregivers, we can only make statements about the relationship between
cumulative risk, social-emotional and behavioral development, and the amount of sleep versus
wake time the caregiver is aware of. A comparison of these results to data obtained from more
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objective, observational measures, such as actigraphy, could provide more nuanced information.
In clinical practice, however, this may not be an important or necessary distinction, as obtaining
information about infant sleep via caregiver report is standard practice. Knowing the relationship
between infant sleep measured via actigraphy and risk or social-emotional outcomes may not be
as clinically useful, as a provider will typically not have access to actigraphic technology. On the
other hand, understanding how caregiver-reported infant sleep is associated with these other
constructs can give a healthcare provider important information to utilize when planning
interventions with each family.
Scales measuring both social-emotional problems and social-emotional competence are
included in the BITSEA. However, only the Total Problem Scale was utilized in the current
study; this scale measures a different construct than the PediaTrac™ SCG domain, which
examines typical social-emotional development. Future research could include the BITSEA
Total Competence Scale to examine its convergence with SCG POMP scores and determine
whether they examine a similar construct. This work could help validate PediaTrac™’s SCG
domain as a measure of social-emotional competence.
Finally, cumulative risk models are conceptually easy to understand and have been
shown to provide meaningful information about the impact of risk on development. Despite the
research support and demonstrated utility of this approach, critics of this method note that the
dichotomizing of continuous variables to create a cumulative risk index results in the loss of
information about the severity of each risk factor. Additionally, the traditional cumulative risk
approach assigns an equal weight to each risk factor, despite the possibility that one risk factor
impacts the outcome variable of interest more strongly than another. In light of these

101

considerations, it may be beneficial for future research to compare results of the current study to
similar outcomes when using alternative methods for operationalizing risk.
Despite the above limitations, the current study provides important information regarding
how the experience of risk as well as sleep behavior may be associated with an infant’s socialemotional and behavioral development in the first year of life. The association between higher
cumulative risk, less efficient sleep, and more social-emotional problems highlights the potential
benefits of targeted early intervention for infants from high-risk backgrounds. The current study
also provides some evidence that better quality sleep is associated with more positive socialemotional development and less problem behavior. This is true when examined cross-sectionally
and longitudinally; therefore, sleep interventions may be beneficial in the improvement of both
current and future social-emotional functioning. The lack of a significant interaction of
cumulative risk and infant sleep indicates that sleep interventions are a feasible avenue to
promoting healthy and adaptive development in these areas in all children, regardless of their
level of risk exposure. However, when the effect of sleep is also considered with the effects of
cumulative risk, infant sex, and recruitment site, sleep no longer predicts social-emotional
functioning. In these instances, cumulative risk is an important predictor, highlighting the
importance of mitigating risk exposure whenever possible. In addition, factors other than infant
sleep could be examined as potential protective factors for social-emotional functioning in
infants with high levels of risk. Our study adds to the current body of literature by extension to a
younger sample; these results demonstrate that the effects of higher risk exposure and more
negative sleep behaviors can be identified as early as 12 months. Additionally, our study
represents a racially and socioeconomically diverse group of families who experience a unique
range of challenges but are often overlooked in research. Addressing these sleep difficulties and
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social-emotional and behavioral problems in infancy may mitigate some of the more extreme
challenges that are observed in high-risk preschool or school-aged children who have not
received any form of early intervention.
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Appendix: Demographic and Risk Information by Term Status
Caregiver-infant dyads in the current sample were recruited into either a term (healthy infants,
gestational age > 37 weeks) or a preterm (< 37 weeks) group. Interested readers can refer to the
following supplemental tables to examine differences in demographic and risk variables between
these two groups (see Table 12 and Table 13).
Table 12.
Demographic Characteristics of the Sample by Preterm/Term Status
Overall
Sample
(N = 325)

Preterm
(N = 134)

Infant Sex
% Female
46.46
Infant Ethnicity
% Spanish/Hispanic/Latino
7.08
Infant Race (n = 322)
% Black or African American
28.92
% White
55.38
% Multiracial
11.69
% Other
3.08
Maternal Ethnicity
% Spanish/Hispanic/Latino
4.62
Maternal Race (n = 322)
% Black or African American
28.62
% White
60.92
% Multiracial
5.85
% Other
3.69
Note. * p < .05. **p < .01. *** p < .001.

46.27

Statistic

Effect
Size

𝜒 = 0.00

V = 0.00

𝜒 = 4.86*

V = 0.12

𝜒 = 7.48

V = 0.15

𝜒 = 5.37*

V = 0.13

𝜒 = 9.17*

V = 0.17

46.60

11.19

4.19

20.90
59.70
12.69
4.48

34.55
52.36
10.99
2.09

8.21

2.09

20.90
65.67
8.21
5.22
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Term (N =
191)

34.03
57.59
4.19
2.62

Table 13.
Risk Factor Descriptive Statistics by Preterm/Term Status
Overall
Sample
(N = 325)

Preterm
(N = 134)

Term
(N = 191)

Statistic

Effect
Size

Biological Risk Variables
Weeks Gestation [M(SD)]
36.55 (3.76) 32.84 (2.95) 39.16 (1.17) t = 23.53*** d = 3.69
Negative Affectivity (IBQ)
3.56 (0.70)
3.42 (0.75)
3.66 (0.65)
t = -3.05** d = 0.38
[M(SD)]
Postnatal Medical
0.41 (0.66)
0.98 (0.70)
0.01 (0.07) t = 16.05*** d = 2.76
Complications [M(SD)]
Psychosocial Risk Variables
Maternal Depression (BSI)
49.69 (8.46) 49.28 (8.23) 49.97 (8.63)
t = -0.73
d = 0.09
a
[M(SD)]
Parenting Stress (PSI)
27.86
25.67
29.39
t = -1.50
d = 0.18
[M(SD)] b
(22.15)
(21.61)
(22.45)
Stressful Life Events
2.04 (2.79)
2.37 (3.18)
1.18 (2.46)
t = 1.73
d = 0.22
[M(SD)]
Demographic Risk Variables
Income
% Below Poverty
28.62
29.10
28.27
t = -0.30
d = 0.04
% Below Median
13.54
13.43
13.61
% At/Above Median
23.08
25.37
21.47
% Above Twice Median
19.08
15.67
21.47
% Above $150,000
15.69
16.42
15.18
Maternal Education
t = -1.12
d = 0.13
% Some High School
4.00
5.22
3.14
% High School Graduate
15.08
14.93
15.18
% Some College
21.85
22.39
21.47
% Trade/Technical/
3.38
5.22
2.09
Vocational Training
% College Graduate
24.92
25.37
24.61
% Some Post-Graduate
2.15
1.49
2.62
% Post-Graduate or
28.62
25.37
30.89
Professional Degree
Marital Status
V = 0.01
𝜒 = 0.07
% Married
60.92
59.70
61.78
% Not Married
39.08
40.30
38.22
Note. IBQ-R = Infant Behavior Questionnaire - Revised; BSI = Brief Symptom Inventory; PSI4-SF = Parenting Stress Index-4-Short Form.
a
Maternal depression was measured as a T-score, M = 50, SD = 10.
b
Parenting stress was measured as a percentile, M = 50.
* p < .05. **p < .01. *** p < .001.

133

